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•PREFACE 

With the existence of the exeellent and comprehensive treatises of ore- 
deposits by Beck and 8telzncr-Bero;eat it might appear doubtful whether 
a furtlier treatment of the same subject was either nec(‘ssarv or justified. 
Although the iiitejition of the authors to write a book dealijig with the useful 
deposits exist'd before the apj)earance of the treatises abov(‘-mentioned, 
publication was delayed in order to avoid unproductive repetition. Since 
however the works of Beck and Stelzner-lh^rgeat bear the character of 
handbooks with numerous descriptions of se])aratc ore-occurrences, a work 
does not seem superfluous which in text-book form concerns itself in the 
first place with tin', general and established results of geological iinjuiry into 
dej)osits, while treating the individual occurrences only in so far as they 
serve to illustrate and ('X])lain gejieral principles. It must be added that 
the book we have in view will not be limited to the ore-deposits, but will 
take into consideratioji tln^ (‘c.onomically far more imiiortant deposits of 
coal, salt, and mineral oil, so that all those minerals and rocks which 
come to be mined will be considered. 

We arc greatly iiuh'bted to our professional brethren for kind assistance 
in the provision of the materia! necessary for completeness and correctness. 

THE AUTirORS. 

Hkuliv and CiiHi.sTi \ ni M<t}f JIM)!). 




TRANSLATOR’S PREFACE 


Tino intention iji making this translation was two-fold ; firstly, to school 
myself in the matter of ore-deposition ; and secondly, to place before 
British minijig engineers and geologists an important work upo;i this 
subject, in a language with which, upon the whole, th(‘y would be better 
accpiainted than with the original (lerman. 

In the first part of this intention I feel I have succeeded. With regard 
to the second I trust that the realization will not fall too far short. I 
have endeavoured faithfully to bring out both the fact and the spirit of 
the author^s work, this being of such high standard tliat the reception 
of a translation must depend largely upon the degree of closeness with 
which the origuial is approached. 

Only in the choice of English equivalents for (ferman terms has there 
been any exercise of judgment on my ])art. (Vmsidering first the German 
term Gang, this may be translated eitlnn- as ‘ lode ’ or ‘ vein.’ Speaking 
generally, in the United Kingdom and British Colonies, the term ‘ lode 
would be us(‘d for the larger, more continuous, and more inclusive occurrence, 
while ‘ vein ’ would be ex])n‘ssive of a less inq)ortant unit, either by reason 
of small^ size, lesser regularity, or non-mctalliferous characjer« Lode 
indeed is the equivalent of lissure-v(‘in, than which Iwwever it is better, 
being essentially a mining term and in that si^ise parallel with the term 
‘ ore.’ ^ 

Speaking in 1862 , H. C. Salmon ^ said, “ I-'shoukUconsider that any 
metalliferous channel of ground with a definite direction and dip might 
pro})erly be called a ‘ lode,’ but the word has received a theoretical mcanmg 
implying exclusively a mineral deposit between the walls of an original 
fissure.” Within that description, to which I think the ^reat majority of 


’ Mining and Smelting Magazine^ 1862 . < 
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British miners would subscribe, the character of a lode as a tabular deposit 
in connection with a fissure, is contained. . 

The relation of lode and vein may be illustrated^ by the following , 
extracts. In the editorial of The Mining Magazine,^ it is stated in reference 
to tln^ Esperanza mine in Mexico, “ Mr. If. A. Titcomb expressed the view 
that the branch veins ceased to be productive when th(‘y jyoined the main 
fode. ...” 

Iji the same editorial “ when speaking of some deposits in Rhodesia 
it is said, “ All of these may be d(‘scribed as masses of ferruginous shale, 
with pyrite in seams parallel to the foliation, the entire mass intersected 
by (piartz veins, and all of it variously enric'hed by gold.” 

Jn the amiual r(‘port of the con)])a.ny, known as the Tasmania (h)ld, 
for the year ending Sej)tember 30, 1912,’*^ it is stated that “ the main lode 
varied in width from '21 to 7 leet . . . while the branch vein varied from 
n to 4 feet."' 

Indescriliirigthe Bereozovsk gold deposit of the Urals, (i W. Pmington'^ 
says, ‘‘ The remarkabh' feature about the gold d(‘i)osit of B(U(M)zovsk is the 
occurrence of the granite dykes, above referred to. Thes(' are locally 
knovn as lodes, and may piobably be so calh^l as they are all more or less 
auriferous, altliougli, so fa,r as has be(m deteianined, Jiot in a payalde sens(\ 
The dykes have a north and south direction, and vary in width from 30 
to 150 fe(‘t . . . their length varying from 1 00 fi'et to 3000 fe{‘t, along 
wdiich lengths tlnw hav(‘ been worked for gold values. It sliould be made 
clear that the gold values occur in the beresite, (the name given to the 
paiticular granitic rock of thesi' dykes) only liy virtue of tln^ (juartz veins 
which cross it, and which a.r(‘ waiiio'd by a seri(\s of short drifts conne(;ted 
by long adits or cross-iaits running lengthwise of the ‘ lodes ’ or dykes. . . . 
There girejiterally thousands of th(‘ narrow short veins above l•(4‘tTred to.” 

In the United •;'^tat(‘S would be translatial as ‘ vein ’ I’ather than 
‘lode.’ The two terms }K>w(‘ver are us(‘d confus<^dly in that country as 
tlie following extracts show\ 

W. L. TovoteJ" says ol the copjier deposits at (dilton-Morenci, Arizona, 

( 

* Mifiuiff MafjaziiKi, CKIoIm** 1912, p. 24.‘t 
Ihid., .June 1912, Voi. VI. p. im 

Al).strfict(<l, IhifL, Fcbriuuy 191 .‘J, V^»l. VJTl. p, ir»l 

* bulletin No. W2, .Japiuiry 1914, Institution of Mining' and M(‘tallur:j;y, London. 

^ ‘ Tho Clifton -.Moienci District ol Aii/.ona,’ Min. and Sri. Press, December 10, 1910, 


771 . 
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“iVhile the lode-type of vein is, at present a dominant factor a*t Mf^Venci, 
it is.probably only of local character, limited by two converging faults. . 
Outside of this bbek the lode system breaks up into a Jiumber of fairly 
well-defined fissure-veins. . . .” 

A. Locke comparijig the Veta Madre, Guanjuato, with the Corftstock 
Lode 1 says, ‘‘ the most gejiuine meaning of the term the two lodes are 
fissure veins . . . l*)th . . . am enormous lode-like bodies of mixed quartz 
and rock* carrying scattered bonanzas.” 

J. R. Finlay ^ refers indiscriminately to the copper deposits at Lake 
Superior as lodes and veins. Jle says for instance that the Calumet 
Lode ... is the single conglomerate vein worked in th(‘ district.” The 
other mines he says exploit ' amygdaloid lodes.’ 

(k T. Rice, describing mining practice at the copper deposits at Lake 
Superior,^ says, ‘‘ As considerable trouble has been eiicountered with some 
of tfie sliafts within 30 feet of the vein, it has been decided that a footwall 
shaft should not })e less than fiO feet from the lode.” 

F. L. Ransome, describing the occurrence of the gold-silver deposits 
at Goldfield, Nevada,'^ says, “ certain deposits exhibit in part more regu- 
larity of form and there is reason to suppose that at dt‘pths greater than 
those now reached siu^h a])])roaches to lode-like form may become more 
numerous. But within the mass of rock extending from the surface to a 
depth of GOO feet, a mass which includes all the ore-bodies thus far exploited, 
the deposits cannot be called lodes or veins without giving to these words 
unusual meanings, or without ascribing to th(‘ mineralized bodies a tabular 
form that they rarely possess.” 

The balance of ojiinion in America would also ajipear to be that a 
lode is a fissure- vein, that is, one having a tabular form. 

That^original and jirojuT meaning of the term has however received 
serious hurt from the necessity to apply a wider meaifing suitable to the 
American law, and esj)ecially to that known ^s ‘ the law of the apex.’ 
In the Smuggler case the judge statc'd that “A body^of mijieral or mineral- 
bearing rock in the general mass of the mountain, so far as it may continue 
unbroken without interrujition, may be regarded as a^lode, \diatever the 
boundaries may be.” It is however not generally held to be wise to allow 

^ ‘ Four Famous Distrirts ( \)iuj)aiTtl,' Eng. and Min. Joninal, .Sopt(‘mb(‘r 9, 191 1. 

^ ‘Appraisal of lUichigan Miucs,’ Ibid., ►Soptembor l(i, 1911,*p. 5,‘llf. 

» Ibid., July 27, 1912, p. 171. 

* U.S. Qeol. Survey V.P., No. (3(>, p. 150. 
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tcchnfical definitions to follow the necessities of the law, even when tlj^t 
law be of the best. Most Americans however consider that their milling 
law would be the better for revision. Hennen Jennings says,^ “ It would 
seem that our stupid apex law which was supposed to be so beneficial to 
the pe’ospector and the poor man has really been a boomerang and struck 
back at them, for people with money arc now fearful in the yiitial stages of a 
mining venture that they may be buying lai\^suits rathe? than ore-deposits.” 

Another view of what constitutes a lode is that held by T. A' Rickard,* 
who says,^ “ Lode comes from the Anglo-Saxon laedan to lead. A seam, 
thread, crevice, discolouration, or mineral arrangement may (constitute a 
lode. It is a comprehensive term for the rock structure or ap}){'arancc that 
gives the miner a clue to the presence and direction of ore.” Most people 
will however consider a lode to be something more tangible than a dis- 
colouration, a structure, or an app(iarance. 

Again, if Gang be translated as ‘vein,’ how is the (fiu’man word 
Ad^r to be expressexi, the simple meaning of which is ‘ vein ’ ? It is also 
worthy of consideration that ‘ lode ’ is ess(mtia11y a mining term and the 
equivalent of jilon in French and veta in Spanisli ; wlicreas ‘ vein ’ 
is primarily a physiological and secondarily a geological term, the 
equivalents of which in those two languages are vein and vena 
respectively. 

Reviewing all these points it appears that though as a tribute to the 
prominent position taken by America in the study of ore-deposits the 
nomenclature of that country might be gracefully and advantagccously 
followed, yet in this particular case judgment is best exercised by a return 
to the original conception of the term lode, namely, an ore-deposit 
of tabular shape occurring along a fissure or other line of disturbance. 

Whep a vein, that is the filling between the two walls o^a simple 
fracture, fulfils these conditions, it becomes a lode, such veins forming 
the greatest single class ef lod(‘s. But where the deposit consists of an 
assembly of veins, with or without impregnation or replacement of the 
intervening rock,«a ‘ composite lode ’ is formed. 

Similarly, when a dyke is metalliferous and a fitting subject for mining 
operations it becomes a lode, though for the purposes of distinction such a 
deposit may be spoken of as an ‘ intrusive ’ or ‘ difierentrated ’ lode. 


* Min. Sri. Prcfifi, January 3, 1014, |). 12. 

“ Tfie, Mining Magazine, May 1012, p. 324. 
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•^Zemenlationzone I have translated as ‘ cementation ;ione * in 
preference to ‘ secondary cnricliment zone,’ because the particular zone 
•is not one which f(^r all ores is synonymous with enrichment. Further, 
‘cementation’ is the term used by van Hise,^ and by its use the three terms 
‘ oxidation,’ ‘ cementation,’ and ‘ primary,’ remain the same in English 
as in German. ^ 

Seifen I have translated aj ‘ gravel-deposits.’ The group includes 
alluvial as well as eluvial dejiosits. The term ‘ gravel-deposit ’ is better 
than ‘ placer,’ because in its(‘lf it is more des(;riptive of the nature of such 
deposits ; moreover ‘ placer ’ is not much used in the United Kingdom 
or the British Colonies. To translate Heifen as ‘ detiital deposits ’ 
would have brouglit such beds as the Rand conglomerat(‘s within this 
group ; while ‘ fragmentary (h'posits ’ would have included the breccias 
formed unchu'groimd. 

Sithlband, the clayey material often found on the walls of lodes, I 
would translate as ^ gouge.’ It is material which can be easily gouged. 

Gangtoisclripfer, the contorted slaty material often found in lodes, 
I have translated as ‘ flucan.’ 

I acknowledge with ])leasure the assistance T received from my assistant 
J. C. y. Whittuck, Stud. in making this translation of Vol. I. 

S. J. TRUSCOTT. 


iiONDoN, J unr 191 1. 


’ ‘ SoiiK' of ('ontrollio;^ tho Deposition of Dies,' lt\ (’. R.. viiii Rise, Genej^is 

of Ore- Da posits, A.I.M.E,, R)0l, p. 282. 
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The study of the dojxisits of the useful luinerals, eoncennuu itself with 
the geological position, the shape, the content, and the genesis of those 
deposits, IS a, branch of geology. As long as sha])e and content oidy were 
considered and tlie deposit regarded as something indejiendent and entirely 
foreign to the enclosing formation, this study was regarded as belonging to 
the art of mining. In distinction to 
this, modern inv(‘stigation seeks be- 
fore all things to determine the details 
of the geologic-al position and the 
genesis of the deposit, of w^hich two 
factors it considers shape and con- 
tent are functions. 

Thedependem^eof each ore-occur- 
rence upon the sum of all its g(‘o- 
logical factors may be gathered from the following cases : 

(a) .lust as from the molten 
magma of a deep-seated rock 
such as granite, felspar and 
mica may in {lart se]iarate in 
larger aggregates, so b>* differ- 
entiation witl\jn the magma, 
and in plac.es especially suitable 
thereto, heavy - metal com- 
pounds originally evenly dis- 
tributed may segregate to 
form useful ore-deposits. Such 
magmatic segregations re})re- 
sent accordingly but portions of rock solidified under s})ecial conditions. 
This case is indicated in Figs. 1 and 2. • 

{})) The water which rising from depth along fissures reaches the 
surface as hot springs almost without exception Contains mineral matter. 

VOL. I B 



^ 

FTo. 2. Sketch, soiiu-Nvliitl (lia.uiiinini.'itic, ol tlu* oc- 
(.‘lurciK at 111 SwcdiMi, showiiiu; tlii* jiassiij^e I’loin 

olivine-iopt'iili' 111 till' ]ietipluMal poitioiis oi the (Tiip- 
tivo inas.i Id niagmjtiti'-olivinite in tin- rt-nhal ])oitiinis. 

Vo^'t, Z(U.J. pidlt. (d'd/ , 1893, }>. 7. 
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If this matter include heavy-metal compounds such as in consequence of 
particular chemical and physical conditions become precipitated within 
these fissures, then lodes or metalliferous veins are formed which naturally 
agree in shape and extension witli the fissures. Lodes accordingly are 
only special cases of fissure filling. This case is illustrated in Fig. 3. 



* Kk;. y.—Tlif Obt-rliar/ nictallilt ions lissiire-systfin. 


(c) If sea-water locally contain h(;avy-metal com])Ounds, then simul- 
taneously with the formation of marine sediments ore may be deposited 
to such an extent that a metalliferous bed is formed, which in so far as its 
origin is concerned kIocs not differ essentially from normal sediments. In 
relation to form both are subject to ^he same laws, and the ore-deposit 
represent^ but a special h,nd chemically-differing section of the otherwise 
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non-metallifeTOus deposit. This 
case is illustrated in 4. 

(d) River terraces consist 
of fragments eroded froin the 
valley sl()])es and neij^hbouring 
plateaus, carried down-stream, 
and there S])rea(f out.in regular 
order. In .general they do not 
contain any useful mineral de- 
posit. Should however the rock 
eroded have contained for 
instance a gold or a tin lode, 
this hkewise would have sulTcred 
destruction, and its fragments 
would ha.v(‘. been arranged by 
water among the others in the 
reacdies below, when should the 
ore content of such fragments 
bo high enough the deposit is 
ti'rmed an ore-gravel. It would 
di Her neither in form nor origin 
from the ordinary de[)Osit of 
fragments, and would but repre- 
sent a portion distinguish(‘d by 
its ni(‘tal content. This case is 
illustrated in Fig. 5. 

Similaily every deposit 
brings with it the evidence 
that it is no indi'peiuhnit and 
sejiarate mass, but that it is 
V(uy closely related to the 
geological formations enclosing 
it. The sum of the rela- 
tions of an ()re-de|)Osit to the 
country in w^hich it lies con- 
stitutes its ‘ geological ])Osi- 
tion.’ The recognition of this 



important factor is an achieve- »•— i’\oiic IkhkI from ilic WitwatmMMmi, 

^ 1 1 showimj: nto lavcis, m colowi, with (inmtzite 

ment of the last decade, dur- luyms/a.ik inroiom, thoooiuposunniuit tiK-seiajms 
ing which, as will be seen in o..h ,,umititam< i^ zm. f. pnd-f. 

” . - . , (ffn/ , 11108 , p “an*. 

the sjiecial section dealing 

with the classification of ore-deposits, it has gracfually become prominent. 
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In addition to the scientific interest which the investif]jation of the 
geological position of an ore-deposit offers, it possesses also the greatest 
technical and economic significance for the miner. ^ Disregard for this 



Porpliyi- 'I'cplit/ fii.initt' Siluified Ou.'nl/- Stf'fj) Tin 

itic <■'( 11311 /- with Hat |)(H'pliyi- |)t>i|)hyiy tin 
gidtiitt* i»nriih\iy tin itic mi- lodi's 

• gianiu*. i»ifgruneil 

with t 111 (jic. 

SchI'-, I 4(1, OIW). 

Fk;. f), — Tin* relation of tin gia\<‘Is to the jiriinary deposits and to the i iver-si^ stein 
Ans'^chmff nus <hr ijenl. Sprzif//l<ii fe Sarksnis, tSrUii>ii XitniintJil. 

factor or, in other words, the adoption of the view that ore-deposits are 
separate and indepltndetit bodies, may lead to great loss to those interested 
in mining, a possibility rendered apjtarent by tlie following examples : 

(a) Where lode fractures cross a complex in which limestone 
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alternates with other rocks, tlie circulating mineral solutions may not 
only partly dissolve the limestone but may metasomatically transform it 
into ore. Since such a transformation takes place preferably along the 
bedding-planes and crevices of the limestone the outlines of the ore-bodies 
thus arising arc extraordinarily irregular and apparently subject to no law. 








Uower Mi.i.lli- Ut.pt'r Caibonilnous Co.il- ('u-tacK.i#. AlluMum. Oi 

l>f\«)ni.iii. DcMiiiiaii laiiicstonr im'a-Miies t.iults, and niu 

Fig. (). Tlic uiotasomalic Icail-zinc deposits anniiid Aaolini showing thou oocurronco at the inter- 
section of lunestone and tis'.ures, especially where the limestone is in contact witli slate. 

As long as such ore-bodies were studied without reference to the country- 
rock or to their genesis, the discovery of further occurrences was left to 
chance. As opposed to this, the recognition of geological position and 
genesis in prospecting and development, causes regard to be paid to the 
close relationship which exists betw'cen the distribution and arraiigement of 
the ore-bodies on the one side and the disturbances which created channels 
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StreiJrri 


iii3 a 


for the solutions on the other. When iiivesti^atin^i; such nietnsomatic 
deposits the miner schooled in ^eolo^y will accordingly detiuinitie first of all 
the disposition of the faultily^ syst(‘in and of the lineu^ of disturbance, and 
then tJie extension of the limestone in which aloiu' the de])osits will occur, 
slate and sandstone not beinu susceptible to this transformation. ith 

these fajtoivs in hand he 
will •'look for ore-bodies 
where fissures' and lime- 
stone ijitei'sect. Purthei*, 
in placing tlu' boundaries 
of his mining pro})ertv he 
will follow tlie direction 
of file })rinci})al fissures, 
and make endeavour to in- 
el ude as much as possd)le 
of the easily alf-erabk* lime- 
stone. Such a ^eolo^ieal 
])osition is illustrat(‘d in 
Kiu. (). 

(h) Another noteworthy 
exampl(‘ is presented in 
th(‘, (‘Hse of th(‘, auriferous 
.iL'ravT‘l-d('posits of Ibitish 
(Juiana. Without havin'^ 
studied the ^eolo^ieal 
}>osition of these deposits 
th(^ expei ience ^aiiu'd else- 
wliere was appliisl to them. In ^(‘lUMal, rivers transport tlu' ^old and con- 
centrate it down-stream. The ^naitest dinumsion of t}i(*se auriferous river 
deposits therefore usuallv (’oineides w ith th(‘ din'ction of the river. Mininy 
law takes account of this fact in arantinu claims or conci'ssions, wliicli ar(‘ 
narrow in widtlT and have thrir yreat(‘st cxbmt paiallc' to flu* riv(‘r. Tiu^ 
same procedure was followed in Ibitish (biiaua, wlaue, subsc(jiu‘ntly and 
to the ycneral surpiise, it was found that the lenyth of these deposits was 
not jiarallel bkit transv(*rse to tlu' rivaw. From a more* careful study it 
W'as found that these alluvial deposits did not belony to the normal type, 
but resulted from the dray of the detritus down the slope. In consecpience 
of the smaller resistance of the country-rock, the auriferous ((uartz lod(\s 
stood out upon the slope until because of their dij) they broke and fell, 
the pieces doscendiny by tlie surface dray not only to the river but 
actually i^cross it. By tjiis manner of formation also the strikiny fact is 
explained that the auriferous frayments of these deposits, dilferiny from 
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those of ordiiiai'V river ^a'avels, arc fairly aii^oilar. In tliis case the true 
recognition of tJie ^n()logical situation not only indicated to th<‘ ^old- 
washer the proper niethod of working, but siiooestod also an alteratioii 
in the ininiiijj; law. This occurrence is illustrated in Fin. 8. 

(c) In the Lower Devonian coinph'x of Sie^erland, consist! nn; of 
^rauwacke and slate, siderite lodes much disturbed in strike and di[) 



*.t 'I’lic I.Ullt ,(t St.lllll'clg Dr.'ll .Miisrll, lllllsh.itlli!.' lat'M.ll U (‘lurllt . 

Oi :i\\ lD_r li\ \ im I >riu‘lviii.inD 


occur, arnonn which the Stahlbernstock at Miisen is remarkable for its 
width of from LJ to 27 metres. This lode was noted for its lar^e output 
till towards the east it was suddenly and completely cut off. At lirst 
this disturbance was regarded as an ordinarv fault and the con- 
tinuation was sought mistakenly to the south. When this work met with 
no success it was supposed that the disturbance was gilder than the lode 
itself and that therefore no continuation at all was to be ex])ected. It 
was only last year that, with the h(‘lp of the ^^^eolo^’ical ^jurvey by 
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Boriihardt and Denckinanii/ proof was obtained that a fault occurred 
alonji; whi(“li the rocks in tlie hanging-wall had sunk at an angle of 45'^ 
whereby the eastwanl (‘ontinuation had undergotie^ a considerable dis- 
placement to the north. Since the lode occurred at the junction of the 
Oedinnian and the Siegen lorniations, the direction of displacement 
was made manifest by the geological survey of the surface. After 

pro})er ♦recognition of this 
geological positioF, which is 
illustrated in Fig. 9, the con- * 
tinuation of the lode was 
found to the north-east. 

(d) Earth movements may 
not onl\^ cause a displacenumt 
at right angles to the strike, 
but may also bring about a 
re-opening of an already filled 
fissure in such a manner that 
the new fissure a})proxiniately 
coincides in strike and di[) with 
the original lode. Since such 
fissures within a lode are often 
lilknl with clav(\v material they 
are not infre(|uently taken by 
the miner for lode walls, the 
boundaries of the lode against 
the country-rock. In cases of such misunderstanding a portion of the 
ore-body remains undiscovered. Such false walls are illustrated in Fig. 10. 

A knowdedge of geological j^osition leads however not only to the 
discovery of the extension of an ore-occurrence but renders also imjxu’tant 
service in other directions. 

•(.TA careful investigatif)n of the geological features upon the surface 
in the neighbourhood of an ore-deposit discloses not oidy the course of 
the different geological horizons and their jadrographical and chemical- 
geological properties^ but fixes also the geological vStructure of the country 
together with tjie disturbanc(‘.s which may be ])rcsent. ddie pctrographical 
properties and the geological structure togetluu’ rejuler it possible to deter- 
mine the lay of tin', ground-water in the district. Since the amount of 
water in a mine has a great bearing ujxm mining expenses, the investigation 
of this ground-w'at('r may in certain districts be of great im])ortance. The 
lead-zinc lodes at \^dbert south of the Westphalian coalfield represent the 

prolongation to the south-east of the transverse disturbanc(‘s of th(‘> LowTr 

• • 

’ Zeil. d. D. (Jpfi., laOC), l^rotocol. j), !)!{. 
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Rhine- Westphalian Coal-measures, which formation in part is notorious for 
the water encountered in it. These lodes cross (x*rtain rivers from which 
they a])})car in part to take the wat(‘r, the flow in some of the mines of this 
district havin<i? been so considerable as to have led to the eventual stoppa^^^e 
of almost all work. This ^co]o<^lcal position is illustrated in Fig. 11. 

(b) Examination of steeply-inclined deposits has shown that with 
many metals a ctiangi' in tlu^ fairly even distribution of original deposition 



mTi M fssii] ■■ d] Ea 
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hnlwncii i)h‘-ili-]M>sits ainl t.uilts, the ore-iicposils m this imsc i .-i.tcM-iil in- rtg* contiiinatlon of tin- 
faults ot that coaltichl. 
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may gradually be brought about entirely by the action of the atmosphere ; 
such a migration results in what may be termed ‘ secondary depth-zones.’ 
The ui)per portion of a lode to a certain depth may thereb*y be robbed of 
practically all its heavy metals with the exception of iron, the amount of 
which becomes increased. This zone is termed the gossan. ^ The 
heavy metals previously present are removed in solution to a deeper 
horizon where, after exhaustion of the solvent and of ^the oxygen carried 
down by atmospheric water, they become preci{)itated by the primary 

’ Eisenicr fliif. 
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siilphiOos there present. In tliis manner, under the ‘ oxidation zone,’ a zone 
of ' s(‘c*ondary enrielnnent ’ or ‘ cementation ’ is formed, which within a 
very small vertical measurement often contains almost all the metal 
formerly evenly distributed over a depth of hundreds of metres whkh 
liave slowly succumbed to the forces of erosi(>n. Below this zone again 
comes the ‘ primary zone,’ the metal content of which is generally 
out of all proportion lowin' than that of the cei^ientStion zone. This 
sequence of zones is illustrated in Fig. 1?1. • 

Since the processes of decomposition 
and migration which result in the for- 
mation of the gossan and the cementa- 
tion zone ill a complete section may 
leach to the ground-water levi'l, not 
only is an impovinlshment of the deposit 
tliere encountered but water dilliculties 
also begin. Early prospecting and de- 
velopment work usually takes place 
above the w’ater-level, that is to say in 
the oxidation and emneutation zones 
when these are ])resent. Under these 
circumstances should the mining 
engineer not fully appri'ciate the idlVct 
of secondary variation ii) dej)th }i(‘ is 
in dangiu' of apj)iying, as often hapjiens, the high (‘ontent of the enriched 
zone, which at best will only hold to water-level, to a greater depth, 
obtaining thereby an entirely false conciqition of the deposit concerned. 
Since in many cases minerals appear in the cementation zoni^ which are 
characteristic of that zone, a. careful .study of the minerals in any occur- 
rence sliould protect the mining engineer from such a false conception. 

The proper understanding of the geological position brings forward 
thcTefd^’e a number of points which allow an individual consideration of 
each separate iiTre- occurrence. Th(‘ modern nudhods of investigation 
conse((uently avoid the inclination to generalize, w^hicli is so damaging to 
mining, and to whic^i those especially are prone wdiose opinion, in conse- 
quence of an experience gained m only one district, is one-sided. The 
statement that all ore-deposits beeonu' poorer from the surfaces is just as 
little justified as one to the contrary. Such generalizations wdiich might 
W'ell bring w'hole mining districts into discredit W'ould be impossible if ea(*h 
deposit w^erc regarded as the function of its special geological })Osition and 
genesis. Naturall}* in addition to these twm factors, both shajie and content 
must receive the same attention as tliey did wdien deposits were regarded 
in the okf light. Only afler the consideration of all four of these factors is 


t'Ki. Vi — VettK al scLtion ot No, i otc- 
liody, Hio Tnito, illu'-li atin^ st^coihlai j 
HI the of ciipri'cioiis 

pyntP canjiim a little gold and siKri. 
Vogt. Znf.J. invU. dn,]., 1889, p. inO. 
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a proper understanding of an ore-occurrence possible, and only then do the 
data necessary to the detennination of the best system of workin*’; appear. 
In the investigation of deposits th(;refore the circumstances relating to 
genesis and deposition are given first place, shape and content at the same 
ti]ne receiving due consideration. In prospecting, a proper understanding 
of the geological j)osition and genesis makes it j)ossible not only to follow 
an ore -occurrence but also to discover other similar de}K)sits, while the 
determinatfon of sha])e and consent is n(‘cessary for the estimation of 
quantities, as well as for lixing the proper methods to (unploy in 
(hwelopment, mining, and treatment. 
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CLASSIFICATION, FORM, AND OUAPHIC IIEPKK- 
SENTATION OF ORE-DEPOSITS 


Deposits are divided into syn^enetic and epigenetic deposits according 
to their relation to the coiintiy-rock. 

Synganetir deposits have the same origin as the coimtry-rock with 
which generally thev ar(‘ contenifioraneons. They may be either of 
sedimentary formation, in which cas(‘, they are distingiiislied by their 
conformity ; or they may be eruptive and then dependent upon the 
solidifying rock from which theV havi^ resulted. Then' are accordingly 
tw’o principal groups of syngonetic deposits, namely : 

1. Ma^^matio segregations. 

2. Sediruentary ore-beds. hTom thi.s group, from long usage rat her 

than upon any real ground, a thud is gimeially nuule, namely: 

3. (Jravel-depo.Sits. 

Epigenetic deposits arc younger than the (‘ountry-rock, of which in 
general they are independent, and w ith which they are not usually conlorm- 
able. Such deposits may be divided into four groups, namely : 

1. C'ontaet-metainorjihic deposits. 

2. (^avitydillings. 

3. Metasomatic depo.sits. 

4. Impregnations. 

Although with <^1 these groups form may in gmieral be only of relatively 
small significajice in the investigation of genesis, it remains however 
an extremely inijiortant factor i.i prospecting, mining, and treatment. 
Admittedly a number of deposits of widely differimt genesis may often 
have the same form, as for instance contact-metamorjihic and m(‘.tasomatic 
occurrences, bedded lodes and steep ore-beds, pisolitic or oolitic ores and 
fragmentary deposits, yet in spite of this the form of a dejiosit is in general 
a function of its genesis. 'J'lius magmatic segregations are generally 
irregular, Vvdiile sediments, in harmony with depc.sition from still w^ater, 
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generally exhibit roj^ular form ; with lodes and cavity-fillings the foi'iii of 
3 he ore-body is dependent upon that of the pre-existing cavity ; with 
iiietasomatic deposits upon the chemical property and the exLmsion of 
the country-rock ; and with impregnations upon permeability to water, 
mineral solutions, magmas, or gases. 


l! F04IM OP TJIE SYJNI(iENPTIC DeI’OSITS 
(a) Magmaik Segregations. 


Under magmatic deposits is understood those occurrences which owe 


their origin to separation within a 
molten magma, that is to mag- 
matic differentiation. Jnst as here 
and there larger masses of mica or 
felspar may separate out of a granite 
magma so also may ores, siudi for 
instance as nnignetite, ilmenite, 
chromite, and pyrrhotite, separate 



themselves from those eruidlve .inciuptive 

. • ii mass, (.’liioiiiitf m poiidotilf. Ilcstiii.indo in 

rocks whicli ordinarily co!itain ttuuii ^oiwmn / in«hi , imu, 

as accessory or secondary constitu- 


ents. Such a genesis, whicJi is illustrated in Fig. 13, Inings with it great 


variety in form and usually an indefinite outline. The segregated mass 


may be (dther very small as in the case of the 



Ki(}. 14. -Maj^niatu di-- 

posits lit llu‘ ]ii‘np1u‘rv ot 
nil cniptivi' iiiii.ss, Uciiikj.ir 
indud - pyrrliotiti^ mini*, 
Bandn, Norway. N'o^d, 

Zoit. f. pn/U. (hoL^ isaa, 
I’latn'yi. 


diamond and ot platinum, or it may be large as 
with the less valuable compounds of iron, nickel, 
co[)per, etc. 33ie ore-bodies are sometimes ir- 
regularly distributed within the consolidated rock, 
in which case they are characterized by a gradual 
})assage at their borders from ore to normal rock ; 
sonu'times, as illustrated in Fig. U, they oAuiFat 
the contact of the eruptive mass w^’di the country- 
i-ock ; or, as illustrated in Fig. 16, they sometimes 
penetrate the country-ro(*k in^a manner similar to 
dykes. Their form is therefore in the highest 
degree variable and affords little wdiich may be 
regarded as characteristic. Concentrated in this 
manner are found the diamond ; some native 
metals as jilatinum and nickel -iron ; oxidized 
ores such as chromite, titaniferoiis magnetite, 


ilmenite, magnetite, and specularite; and sulphide ores such as niclvadiferous 
pyrrhotite, chulcopyritc, and pyrite. With every such deposit the great 
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ORE-DEPOSITS 


irregularity in fonn compels the most complete development before any 

reliable estimate of (piantity may be made. Concerning size, some 

Scandinavian iron deposits of this 

genesis, as for instance those at Iviir- 
w 

; unavaara and Luossavaara, contain 

- tremendous (piantities, and some of 

' the Canadianni^kel-f>yrrhotitedc])osits 
T.tuuf,n.n..noi, .... .u haf e cqually large dimensions. Often, 

Ki.;. 1.').— M:igni:it\.‘ il.'imsits within an however, siiiall but numcrous aggre- 
ernptivo n^a,^^. niaal’iehi near Sou:nen(lal, . n , i W 

Noiway. Collected near one another, 

yet presenting on account of their 

irregular distribution and variation in size great dillicultv to prospecting, 
mining, and treatment. 



(b) Sedimenis or Ore- Beds. 


The formation of ore-beds takes jdace either by the nua'hanical ac- 
cumulatioit of pre-existing ore, or bv chemical precipitation chi(‘llv jn still 
water. The occurrences which belong to tliis grou]) are fornu'd tlunidore 
in the same mannet* as the other layers with which they aie conformably 
bedded, and under normal conditions the old ^ 
mining definition holds good, that they are 
deposits which are younger than the laals in | 
the foot-wall and older than those in th(‘ 
hanging-wall. Ore-beds, as illustrated m Fig. 

17 , have therefore a very simple tabular form, 
though as they are but exceptional cases of 
ordinarv sediments they are generally of some- 
what limited dimensions, that is tlH‘y usually 
give out in all directions and possess then‘fore 
in general a lenticular form. Moreover it is J i-i. i(>. pMiUr .K-- 

. posit o ■run mu .at tlir (‘Oiilurj ..f 

nof o*en that tlu'V arc regular in composition iionto , 111(1 Ki tell mrk( 1 - 

or consist entiw?ly of ore, more generally rock 
and ore alternate. It also often liapjKms that 

at the consolidation^of the material and while it was still soft, a concen- 
tration of the originally evenly di.stributed mineral occurr(‘d in plac(‘s 
particularly suited thereto, whereby a layer became formed very similar to 
an impregnated zone. In oth(;r cases ore-beds, th(‘ so-called detrital 
deposits, have been formed by the concentration and consolidation of 
fragments of older occurrences. Thus beds of limonit(‘. are found in the 
Senonian of the Chalk formation at Peine, the material of which, as 
indicated by the Ammonites found in the boulders, was derivi'd from 
the Gaulf. 
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There is^no <i;enera] law applicable to the extension of these deposits, 
jrigantic occurrences are known, such for instance as the (develand, the 



Minette, and the Clinton dep()sit.s, whic'h cover many 45ipiare kilometres 
and even cross the boundaries of larg(' government do})artments ; on the 
other hand there are some so small that they must be described as*nests. 



1 () 


ORK-DEPOSITS 


In all cases however these deposits undoubtedly possess consider- 
able economic advantages over those of other groups, not only, m the 
rei^ularity of their occurrence both in strike and dip but also in the homo- 
geneity of their composition. Moreover since in consequence of this 
regularity their ore-reserves may be estimated without any great difficul y, 
they are comparatively simple to value and also easy to^mine. 



• (c) Gravel- Deposits. 

Since gravel-deposits also are consequent upon the disintegi^tion of 
deposits previously existing there is in reality no difference based on the 
geLral principles of genesis between tlie.se and ore-beds. lh(. differ- 


that the latter, in 


I1ie 

eoiiHequenco of 


thS ^iTteTscologicIl ajre, have become consolidated and covered with 
yX^-beds while the gravel-deposits, generally only of CMaternary or 
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, ’ ® , 

at tlie earliest of Tertiary a^e, remain in greater part loose surface forma- 
tions. 

According to their formation tlie flu viatile andthemarinegravel-doposits 
must be distinguished from the eluvial. Tin* material of the former has 
been arranged in position either by river action or by that of th(‘ sea, 
during which Jirrangement a slight chejiiical enrichment has often taken 
place. On th(‘ o^ier liand the eluvial deposits are conseijuent upon 
the disintegration of j^'imary deposits chieflv in places win're, though 
downpours were rare, the ligliter particles became removed by occasional 
*rain and wind, leaving those heavier to sidtle down and form gradually an 
ore-deposit ])i'actically in sitn. More often however ])oth elasses of gravel- 
deposits are foimd in close proximity, the eluvial upon the plateaus and 
slopes and the fluviatile occupying the imnwMliati^ and proximate liver 
courses. This position is illustrated in Fig. IH. 

J)lSTUHnAN(’E8 OF TJIF SyNOFNKTK’ DeFOSITS 

V>y disturbances of the syngeiietic deposits is meant the nuin(*rous 
changes in stratigraphy and displacements in space whi(*h tliese deposits 
have sufTered since tlunr formation. These are known undei’ tlie 
tiTins ‘folding,’ ‘ overtlirusting,’ ‘faulting,’ ‘vertical displacement,’ and 
‘ horizontal disphu^ement.' 

1. Foldnuf or Plirolion. 

When horizontal pressure acts upon a complexof beds it causes these to 
become folded into ‘a-nticlines’ and ‘svnclines’ with flanks or limbs so much 
the steeper as the jiressuri'was the more intense. Since syngmietic dejiosits 
wliercver they occur in 
the Geological Hecord ai-e 
but members of sjiecial 
chemical composition, 
they have sulferiHl all the 
changes to which the 

whole C-OmplcX Wtis sub- 1’^^. ^ Simpk* iUiticluu* ^jiuliiu'. Htdileil .sliliiuti! 

ject, though this is natui- lu-U\tvii liiimstiHif .iml cl.i\ iumf .m ocelli leiK (‘ ol 

,, . 1 ii tracliylc, iic;ir KostaiiuK, Scivia. Heck. Zc//. f. [irukf. 

ally more strikingly the n^oo,' p. af). ” 

case with the tabular 

sediments than with the magmatic segregations. 

The transverse section of an anticline and syncline is sometimes gently 
undulating as illustrated in Fig. 19, and sometimes, as when the pressure 
.is^ more intense, zigzag as illustrated in Fig. 22. In horizontal section 
(anticlines and synclines appear either with the closed outline of a niore or 

VOL. I c 



7, C^ii.ii l)( (lilfii mass (.•oiitaiiiiiii; aiitiiiKiin *c, l.iiiHsloiic , 

s, Clav -slalc ; t, 'I i.icli} tc. 
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less perfect ellipse as illustrated in Fig. 20, or they extend in one particular 
direction presenting then the picture of an undulating line winding more 
or less markedly across the line of average strike, the undulations on 



Oaillt Srliolil.itl, TlllOtll.ill. Iloiistuiic ()llt( in]), Boli'liolt'. 

I.DII,- S(alt‘, I \Hit.Mril.‘, 1 

Fk,. 20 . — Till' iK-ijstoiic ))«il at IMaii ainl .^1(11011 ol a dosed .syndiiie. 


one side representing the anti(;lines, thosi; on the other the synclines. 
Such a horizontal section is shown in Fig. 21. 

Th^ line which unites the deepest points of a syncline is known as the 
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i^tonu^rujTUTV 


‘ synclinal axis ’ ; similarly that whicli is formed by joining the highest 
points of an anticline is termed the ‘ anticlinal axis.’ These axes, in con- 
sequence of the dip of the Hanks, are usually found occupying a central 
position along a line wliich must be approximately at right angles to the 
direction of the pressure. The 
courses of these axes are especially 
important, since they are but 
rarely the simple horizontal line 
^of a closed syncline or the simple 
inclined line of an open one. 

Far more often they are bent 
and re -bent to conform with 
the smaller anticlines and syn- 
(ilincs which build up the larger 
occurrences. This formation of 
smaller members is not only 
found along the axes but occurs 
also at right angles to them. It 
is not always the case that the 
anticlinal or synclinal Hanks are 
even planes with regular dip ; 
generally the process of folding 
has so worked that eacli synch !ie 
shows in its transverse section 
a number of secondary anticlines 
and each anticline a number of 
sec^ondary synclines. 

The anticlines and synclines 
produced by folding are ex- 
pressed upon the surface as 
differences in level, which 
differences, disintegration, and 
erosion are ever working to 
remove. The crests of the 

anticlines are the first to go, 
and then along the central ridge 
. older beds appear flanked on 

’ either side by successively younger beds. The portion of the anti- 
cline thus removed is known as the ‘ air-anticline.’ In the first stage 
of folding the two flanks of anticline and syncline incline towards one 
iiiother as illustrated in Fig. 19. With more intense folding it often 
-nappens that they are overturned both then inclining in the same direction 
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as illustrated in Fio. 22 ; tlie Rammolsber^^ de]iosit at Ooslar for instance 
lies in such an overturned anticline. \Vhih‘ witli normal folding each bed 
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is followed in the hanginj^-wall by on(‘ which is youn^^er, with overturned 
beds the revtuse is the case. The more intense. t}u‘ folding the closer are 
the limbs of anticline and syncline brought to;.^eth(‘r. 
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2. OverfhrHsfinfj. 

Should in folding the limit of dasticity ho passed a fracture of the beds 
takes place in consequence of the extreme strain to whicli one of the syn- 
clinal limbs is subjected ; then along this fracture, as a further effect of 
folding, older b(*ds,are thrust over younger beds in the direction of the 
pressure. Such dislocatfons which are especially connected with anticlines, 
are called 'fold-faults’ or 'overthrusts.’ Their formation is illustrated in 
*Fig. 23. In their m^ighbourhood and in (;onsequenceof the manner in which 
th(‘y were formed, the beds conecuaud ar(‘ drawn out and have not their 
normal thickness. It is also characttu’istic of this form of distuiLancc 
that seldom does a sim[)le fissun* result but gtmerallv a whole group, 
and a zone of disturl)ance arises which may in cases have a width of 500 m. 


y?/ 

M, OvcituriMil (>\cinu'iKt OxrrUiriisl finm its side 

’ tdlil uiiiavt'll* il 

Kia 2.'^. .111(1 /> ri‘|)it.‘M-iit ilia'iMiinii.ilically the ]i1i(‘Iioiihmi(iii (il ov(.at}inistiii>; , 

«• illiislialcs the uni.ixflliui^ ol .111 o\eilIinist. 



or moi’c. These disturbed zones, one oi which is illustrated in Fig. 21, 
consist in geiKU’al of rock material most intens(‘lv contorted and crushed, 
in which larger fragments of the neighbouring beds and perhaps also of an 
ore-d('])osit occuV irregularly beddial. ddiey are generally crossed in all 
directions by narrow veins filled with secondary minerals. 

In conse({uence of the fact that an overfhrust i.. the end result of 
iiitt'u.se plication there is often no sharj) boundary bi'tweenVhe disturbed 
zone along which the thrust has takam place and the beds wliose structure 
has renuiined undisturbed, but generally, a.nd esj)ecial^v in the hanging- 
wall of the thrust-]dane, Hiere occurs a. gradual passage frnm^the crushed 
material to the condition of normal deposition. It is also characteristic 
of this form of dislocation that in the hanging-wall of the disturbed zone 
the beds are older than those immediately opposite to them in the foot-wall. 
While however in the case of overturned folds the beds follow one another 
n unbroken seipience, even though this be reversed, in the case of an over- 
dirust and in c-onsequence of the u])throw of the older beds, the disturbed 
5one causes a break in the secpience in that when driving into the fo^t-wall 
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successively older beds are met, while towards the hanging-wall the beds 
are successively younger. In the unravelling of the problems caused by 
such overthrusts the drag of the beds to the thrust-plane, illiistrate^d in 
Fig. 23, gives tlie Jiiiner the direction in which he should seek for the severed 
and displaced portion of the deposit. Zimmcriiiann’s rule however, given 



Cf'of Sch/veri/y Mine 
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on p. 30, does not hold good in these cases but the reverse reading of that 
rule. From the direction of this drag it may b(' determinefl from which 
side the disturbance is being approached, that is whether from the moved or 
unmoved side. In the unmoved j)ortion the drag of the bi'ds to the thrust- 
plane is directed upwards, while in the displaced portion it is downwards- 
If therefore the overthrust is a])proached from the unmoved side either 
a rise is made in the matciial of the disturbed zojie- a procculure which in 
consequence of tlie weakness of the rock often presents great difficulty — 
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or tJio driv^o is continued horizontally through that zone and the continua- 
tion of the deposit is then sought upwards in the hanging-wall of the thrust- 
plane. If on the other hand the overthrust is approached from the displaced 
portion then eitlier the zone itself is followed downwards or it is penetrated 

horizontally and the unmoved ter- 
mi rial of the dejiosit is sought down- 
wards in the^foot-Vall. Should, when 
m « seeking within the disturbance for 

^ M the faulted portion, detached pieces 

of th<‘ or(‘-deposit be found, these 
may be regarded as certain evidence 

flic search is laaiig prosecuted 

Ki. srctnui jji tlic right (lircctioii. 

In plan, as illustrated in hig. 25, 

an ovei'thrust has the a])pearance 

, of an anticline, one limb of which 

has been completely S(jue(*zed out, 
its ])lace being taken by tlu' dis- 
tui-b('d zone which runs almost 
parallel to the strike ot the country. In conserpienci* any dejiosit there 
occurring would in jilan appear diijilicated. In such cases if the inter- 
vening width becomes less and less until finally it (lisapjiears, the two 
portions of the dejiosit come together and the w'idth of the body becomes 
doubled. This case is illusti'ated in Figs. 20 and 27. 


Fi.i' 


'JO, J7.- Section .iinl cl*'ei illiistr.ititic tin 
dotililinc' o( wnltli l>y an o\eitliiiist 


Hoad ho A pi sf' beck 



In many cases over’thrusts we.'c already jin'simt at a tinui wlnm folding 
still continued to develoji. Tlum, as was j)rov(*d by ('nmuT by an extnmiely 
interesting case in the AVestphalian coalfi(‘ld,i these ovei'tiirusts also be- 
come folded. Since however tiny generally diji more stei'jily than the beds, 
they cut through these latter, forming more undulating anticlines and 
* 1 Gliickaiif, J894 Nos 02-05. 
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synclines than these, but following them so far as their steeper dip per- 
mitted. Such an occurrence is illustrated in Fig. 28. 

The extent to which beds are displaced by overthrusts varies (consider- 
ably. On the one hand, even tlmugh a wide zone of disturbaiKce occur, the 
displacement may amount to only a few centimetres, while on the other it 
may amount to many hundr(‘ds of nudres. Since overthrusts result 
frcmi extreme pllhation they cannot occur in rock complexes which are 
undisturbed or lie horizontally ; mfx^eoviw it is not always that the nature 
of a bed will allow it to bend, in such cases folding does not occur 
but a shattered zone following more or le.ss the strike of the country 
results, which zone often subse(piently becomes mineralized by solutions 
entering through the numerous n^sultant fractures. 

The direction in which a thrust-plane 
which produc(‘d it; more rarely it happ('ns 
that, in conse([uence of resistance offered by 
particular beds, an opposing pressure and 
at the same time an opposite overthrust 
b('came produced. In transvers(* S(.‘ction 
then, two divergently-dipping ov(Tthrusts Km;. Two o\eitliniv.«, (lippui^^ 
appear, Ix^twecji winch a. large section of en- 

tile deposit remains in its original position, iiio\e.iai a lowei K-\ei. 
though on either side it has been u])- 
thrown. Such an occurrence is illu.strated in Fig. 29. 


dips is towards the jiiessure 

2 ^ 


5. Fauliimj. 

Normal taulting occurs wlu'ii, aft<*r fracturing, the rocks in the 
hanging-wall sink to a lower level. According as the fracture is more or 
less complete so do these rocks follow exclusivelv the attraction of gravity 
by sinking vertically, as illustrated in Figs. 50, 51, and 32, or they suffer 
in sinking a certain amount oi turning around souk point along the'^coli- 
tinuation of the fracture where the two portions of the*Vds still hold 
together. It also often occairs that at the fault the beds have become 
turned or dragged in the direction of the faulted por|aon in the manner 
illustrated in Fig. 33. 

To know exactly the behaviour of a. fault at all points along its strike 
is only possible where underground workings have completely disclosed 
the occurrence. This is for instance the (*ase with some of the cobalt lodes 
at iSchweina which cause a sinking of the Kupferschivjer amounting at 
the most to 10 m. When driving on such a lode it may be seen how at one 
point the Kiipjerschicfer gradually and without transverse break sinks, till 
the displacement, at a point approximately half-way along the lode* reaches 
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the above-mentioned maximum. Beyond this again the sunken portion 
gradually rises till it once more unites, completely and without transverse 
break, \vith the unmoved portion. This faulting, which is illustrated in 
Figs. 32 and 34, resembles therefore the sinking of a piece of cloth stretched 
horizontally and cut in the middle, when one edge of the cut is weighted. 

It lies in the nature of faulting that faults must be younger than the 
beds in which they occur and older than any movemenf which may have 



Fk;. ;^0. -I)i,i”r;iiiis illustratin'4 Die .ij)|>Iication r»( Ziimiictniainrs mlc Nir llir iiiii,i\i']linK "< 
laiilt ulicii tills Is aj)|>i I .iclu'tl from it-, liaiigiiig-wan side. 



Section the ])P(h are lioi i/oiit.il 

Fio. dl. Oi.i^'iam illiisti.'itiii;^ tlic aj. plication of Zinimei man’s ruh* uln n tlic l.iult is apj»i oaclmd 
• * from Its foot -wall snh*. 

taken place along them. The direction in whitdi faults traverse rock- 
cornplexes varies considerably though it is the case that they often cross 
more or less at rigSt angles. In most cases, on account of some oblique- 
ness of this 'angle, of the inclination of the beds, or of the sometimes 
incomplete separation along the fracture, there occurs in addition to the 
sinking of the beds a lateral displacement so directed that the two 
separated portions remain in plan practically })arallel. While in trans- 
verse section normal faulting presents the simple picture of a sunken 
mass, as illustrated in Figs. 30 and 31, in plan it is this lateral disfdace- 
ment which as illustrated in Eig. 35 receiv(*s pronounced expression. 
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Faults very seldom occur alouc but in plicated as well as iji levcl-lyin^f 
country they generally occur in groups or systems. In [)licatcd districts 
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they usually cross the beds more or less at right angles, and, in so far as the 
movement along them is concerned, are younger than anv owrthrusts 
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whicJi may be. present. The reason for this relative age is [)robably because 
thougli the transverse fissures arose when folding took place, gravity could 
not come fully into play to produce displacement till the horizontal pressure 
causing folding and overthrusting had come to an end. 

Tlic members of a system of contemporaneous faults are often parallel, 



Kl<;. -35. li.iteral ot nict.-illilcrous liini'stoiH* beds by tiaiisvcrsi' (anils. 

Oberbar/. diabase-bclt. M. Koch. 


though occasionally fissures of quite dilTcreiit strike and in the same neigh- 
bourhood may also be ot the same age. It often hapjiens that in the same 
fault-system there is among the individual fissures not only agnMunent in 
strike but also in dip. In such cases if at each succi'cding fault a similar 
downthrow is produced, ‘ step-faulting ’ results. This faulting which is 
illustrated in Figs. 36 and 37, is very often found along the margins of 
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tectonic elevations. If two faults (lip towards one another, as indicated 
in Figs. 38 and 39, the sunken portion hetwecii theJTi is known as a ‘tectonic 
depression ; ‘ when tlu'y dip away from one another in the majiner shown 
in Figs. 10 and 41, the raised portion between them is known as a ‘tectonic 
elcvatioji.’ ^ 



Imo 38 SimIh^ii Fh, 39 I’km 

Sci'ti(i)], will) lioi i/ont.il Im-iK. .iml with inclined l>cds, <i| ,i tc( t<tiin dcpiessioii. 



40 Sirlinii Fio 41 Cl.in 

Fld'i 10, 4J.--Sci'tion, with liDuzoidnl Itcds, mid plan, inclined lu^tis, ol a tc<tonii‘ Lde\atn)n. 


The records of the earth's geological history show that every place 
has not been subject in the sanu* nu^asure to faulting but that a district 
once visited has usually been the oneto suffer again from fresh disturbance at 
later geijlogical periods. The consecpience is that in one andthesanu' district 
faults of various ages are usually found, these affecting one another in a 


^ (hulten. 


2 HorM, 
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manner discussed later when dealinn: w^ith lodes. In addition, experience 
shows that pre-existing fissures may also at tinu's become re-opened 
whereby their total throw is increased. 

The Unkavelmeet of Faeltino. The principle followed in un- 
ravelling a fault is presented most simply wFere a vertical downthrow in the 
hanging- wall of the fault has been the only movement. The direction in 
which the sunken portion has moved can then be determined from the 
striations upon the fault-plane these being either vertical or very nearly so. 
Zimniermann’s rule applies in such a case, this ruk^ being ; ‘ If the ^ 
fault be approached from the side of its hanging-w^all then after it has 
been passed the lode must be sought by going into the hanging-wall, but 
if the approach be from the foot-wall then beyond the fault the lode must 
be sought in the foot- wall.’ 



I'K. \sHinuiii- a S,\ iiclitK* Fk' Ci Assiiiiiiii^; .iii aiil icliin 


42, 4. ‘j. — llliistiatm;^ tilt* scatcli l<>i tlic tiuiltfd poitioii ol an iucIiikmI dc-jiosit at tlie siii face 
by assii?uiiif< that it ntlier oiia liiiib ot a s^iiclitia or onr linil) ot an antii’linc Tlia deposit is 
tlie I'nll black stie.ik, tla* a'Siiincd other bndi is ilotted^ 1li<« f'aidtcd portion sou^dit is liatelicd. 


Experience has shown that this rule is far from leading to the desired 
result in every case because as mentioned above a more or less consider- 
able turning of the mass takes place as it sinks. iSince it is not known 
beforehand whether or not a simple vertical movement only has taken place, 
it is most necessary to determine the direction of the movement by careful 
obiSemnition of the striations uf)on the fault-planes, which striations may 
often be observed to descend not at an angle of 90 ^ but at some low^er angle. 
This it is ad^nsable to followb By subse(pient development work, which 
in complicated cases is best undertaken in the fault itself, it may even be 
found that the direction taken by the striations repeatedly changes, in- 
dicating upomthe wdiole a curved downthrow^ Where dragging or llexure 
occurs along a fault the direction which this takes constitutes a further 
index to the position of the faulted portion of the deposit. 

The unravelment of faulting from a plan often causes more difficulty 
to the beginner than wdien a transverse section is available. It is of assist- 
ance to regard the deposit as one limb of an anticlini', or of a syncline, and 
to bear ir^ mind that while the latter in sinking becomes wider, an anticline 
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becomes narrower. The two diagrams given in Figs. 42 and d3 are tlms 
obtained. In cases where several movements have taken plaet' along one 
and the same fault it is usual to find the striations of the last movement 
only, the direction of which need not necessarily rc})resent the composite 
direction of the faulting. 


a 


Karlsgluck Mine 


^ 4. Verticfd Displncewents. 

These break the continuity of a deposit along the dip and aris(' when, by 
^ the action of horizontal pressure, 

a portion of the beds bounded - 

above and below by flat-lying — 

fractures becomes severed and Oirection or Pressure 
pushed forward together with 
whatever section of the useful 
deposit is enclosed within it. 

This position is dlustrated in 
Fig. 44. That the several por- 
tions of a deposit so displaced 
when the disturbance is complex 
belong to one • and the same 
original deposit, may be gathered 
from the way the beds are 
dragged in the direction of dis- 
placement. In this direction 
the deposit becomes bent and 
then pinches out, often at a clay 
parting in which, until the other 
terminal of the deposit is 
reached, fragments of ore an* 
found more or less frequently. 

This other terminal begins, as 
the first ended, with but little 
width though this quickly in- 
creases till, after bending again, the deposit resumes its normal width 
and standing. In addition to fragments of ore between the two tenninals, 
striations upon the plane of movement serve also as jiGiiiters ; these 
are either horizontal or are inclined at a low angle. According to the 
dip of that plane the displaced portion of the deposit is more or less 
uplifted or down thrown. 

These vertical displacements differ however from faults proper, which 
owe their effect to their dip, in that with them gravity practically plays no 
part. Displacement is therefore not effected by the sinking of tlie beds 



Kk; 11. -(f luul h, tifi" (14|» 

1)> lioii/ontal pu-^suu* Ac-tuiil ciiM* li\ Kni.sch, 
Eiluntt ! nnq '.n IhntviHiu!* ^ 




32 


ORE-DEPOSITS 


in the hanoin^-wall of the fault but by movement in direct response to side 
j)ressure and independent of the dip of the plane of movement. Thon^di 
this be so it may nevertheless often be observed that where the planes 
of movement have varying dips, j)articularly those sections are displaced 
which are so bounded as to form wedges pointing in the direction from which 
the pressure came. This preference is ex})ressed in Fig. 44r/. (\)ncerning 
age, a further difference between the two classes of, disturbance (‘xists 
in the fact that while with normal faulting the fault is older than any move- 
ment along it, with v('rtical displacement frac'ture and movement were often 
contem})oraneous. Where in (‘onsequence of the dip of the plane of move-* 
ment the beds in its hanging-wall have settled down, there is in plan no 
difference to be distinguished between such vertical dis})laceni(‘nts and 
normal faults ; in all otlnu* cases the respective representations in plan 
are (juite different. There is thend’ore no (‘onnection [)etw(H'n either flu' 



Fig. 45 . — lloii/.oul.il displ.-uM of tlu' Fi^oii/eclie loilo-vci !(••> iii Sk'liciI.hkI, lioni tin- 

olli( 1, 1 tlfscuptloii ol tile (ll-Nluot. 


dip of the fracture or that of tie* dej)osit on tie* one sidi*, and tie* dii-ection 
of displacement on the otleu’. 

Vertical dis{)la(‘ejnents differ also from overthrusts, firstly, bi'cause 
it is far from true to say of them that older beds are always jiusleal over 
younger, and secondly, because of the sinqile nature of the drag or b(*nd- 
ing in the direction of movem(*nt, which bending cahiiot be mistaken for 
the complicated disturbance which occurs with overthriists. 

, *Unr\vklme^’T. — The unravelling of v<*rtical disf)hic(*ments is compara- 
tively easv. The drag of the deposit at the plane of niovenu'nt indicates 
the direction in which the displaced portion has travelled. Either then 
that plane is followed in the direction indicated till ore-fragments lead 
to the re-di.scov(^y of the dejmsit, or it is penetrated and work is 
undertaken in the ground beyond. 

o. ILwizontal Lateral I)isplaee)HeHfs. 

These disturbances to which, in addition to the others numtioned, 
deposits may be subjected, result from tlie action of a horizontal jiressurc 
upon a/;ompIex which though already traversed by fractures has not yet 
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suffered any material disturbance, the effect being that, as illustrated in 
Fig. 45, different sections of the complex are moved horizontally and 
independently of one another transversely to the strike. Sucli lateral 
dis])lacements are characterized by horizontal striations u[)on a A crtical plane. 
No sinking worth nientioning takes place. The picture prc'sented in plan 
is at first glaji(;e quite similar to that of such normal faulting as wherein 
the appearanc.e of kteral displacement results from sinking in the hanging- 
wall. The difference iif principle however between the two classes lies 
in the fact that while with normal faulting the direction of the dis])la(;e- 
ment is a function of the dip of the deposit and of that of the fault, with 



Kia, M). -I^oweiliil (listuiliuiice zones williont iiillueiice uj)ou tlie general jiosition of a deposit, 
llaiis.i mine, nortli of l)oitmniid, Kiiiseli, Fl(»:.})iojekh(iu \u lihitt Dortimnid. 


lateral displacement no such connection exists. These have little concern 
either with the dip of the deposit or with that of the fracture, but are en- 
tirely dependent upon the direction of the pressure. Since fracture a 
country never takes place along a narrow and smooth plane, •fuigular pieces 
of ore torn off from the incqualiti(*s of the original j.daiu^ of movement 
may often be found between the two portions of a formerly united deposit. 
Such fragments as these are of service as pointers to the direction of the 
displaced portion. 

Unravelment. — The unravelling of lateral displacements has| lately 
been of practical importance in Siegerland. The country-rock being in 
all cases affected in the same way as the deposits, any particular bed 
easy to recognize on account of its petrographical or pala 3 ontological 
characteristics will naturally be displaced in the same direction as the 
deposit. A careful geological survey of the surface such as would dis- 
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close the extension of this characteristic bed would conseqiieutly in most 
cases lead at the same time to th(‘ discovery of the lost portion of tJie 



In addition to the different classes of disturbance mentioned, the 
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• 

comparatively rare case must also be considered in which, thou^^h a dis- 
turbed zone of f^reat width may be pres<‘nt, no displacement of the deposit 
either before or behind the disturbance, is juoduced. Ei^. 46 illustrates 
a well-known example of an occurrence of this sort at the llansa 1. mine, 
near Dortmund. 
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If. Form of thk Ffkifnktjc J)eposits 








(<’/) (^oiilarl-J)eposifs. 

‘Contact-deposits’ are tiiosc occurrences vvdiicli have ori^uiiatcd within 
tlie material of the earth’s crust throu<»h the action of volcanic marina 
at a lii«’Ji temperatAire, cs])ecially when this 
magma w\as under pressure and its con- 
tained gas(‘s and fluids had no escape to 
tlie atmosphere. These dejiosits are ther(‘- 
fm’e essentially the products of intrusion. 

The zone thus subjected to metamorphism 
and o} which the outer border keejis more 
or less parallel to tliat of the intrusion, is 
termed the ‘contact-zone.’ Jn if. the ore- 
deposits are usually concentrated in the 
immediate neighbourhood of tJie intrusive 
or not far from it. (.'lose to the actual con- 
tact of this rock with that through which 
it was forced, fragments of the latter are 
often found embedded with the ore in the 
intrusive. As wdl be stated in the section 
dealing with the origin of contact-meta- 
morpliic deposits, these occurrences are 
usually the result of the alteration of lime- 
stone, sometimes to oxide and sometimes 
to sulphide ores. 

The above genesis postulates that con- 
tact-deposits in their form and arrangement 
follow the boj’ders of the solidifying intrusive; 
the occurrciK^es are in fact and as illustrated 
in Fig. 17, often found arranged around that 
mass in several almost parallel rows. Since 
however they are at the same time dependent 
upon the chemical properties of the country- 
rock and to such alteration limestone and 
dolomite are ])articularly favourable, the 
general distribution of these deposits must 
in general follow' that of those rocks. This 
position is illustrated in Fig. 48. 

fn themselves contact ore-bodies exhibit a lenti(‘u1ar or irregular 
columnar form. The expression slock so much used in (lermap, and 
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of which the expression ‘ chimney ’ appears to l)e the best equivalent in 



En<jjlish, refers to ore- 
bodies j^enerally i of 
irregular outline, which 
have but little length 
though their width is 
relatively great and 
their extension in depth 
is considerable. Such 
ore-bodies are illustra- 
ted in Eig. 49. Where 
the outline is more 
regular it will generally 
be found to hav(* taken 
unto itself that of 


liSiJ IdiM n .1 the intrusive or tliat 
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of the country - rock. 
Since with intru- 
sion much fracturing of 
necessity occurs, many 
true lodes are found in 



(iraiiito. (Jiystallijii- I’oijihyiy /one ol i on- /om- ol con- 
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Fio, .'■>0.- Contact oit'-dcjiosjl.s ol KiijtlVibc-g in Silesia, tin* contact licds Ix-iiig found 
• iie.-ircr to llu* granite, tlic contact lodes lartliei .-iway 
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close connection with contact-deposits, in the which case it is only from 
the character of the minerals they contain that it is possible to determine 


that they are associated with this 
class of deposit. The occurrence of 
such lodes at Kupferberg in Silesia 
is illustrated in Fig. 50. Their 
further doscriptioif in this work is 
given under the heading of contact- 
.deposits. Again, since the contact 
processes resemble the mctasomatic 
in so far that it is particularly lime- 
stone and dolomite which become 
altered, (contact -deposits show great 
similarity in form to those resulting 
from metasomatism, i^ctween the 
two classes in these cases also, the 
mineral content ])ecomes the decid- 
ing factor. 

Among contact -deposits there 
are some of very considerable dimen- 
sions, as for instance the iron deposits 
of Elba, the Banat, and the Urals ; in 
general howevu^r they are small. The 
work of prospecting and following 
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them is in all cases rendered considerably lighter by the plainly recognizable 


contact-zone, though oti the other hand the actual wanning of the ore 
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and the estimation of the 
ore - ]-eserves are rendered 
difficult by reason of the 
general irregidarity in out- 
line. • 

r 

(h) C(ni(y-FilUH(fs : Lodes 
and I d^'^mher-Ik posits. 

The most important re- 
presentatives of this group 
are the lodes. These are 


fissures filled with ore, this 


filling being often acc()m])anied to a greater or less (‘xtent by impregna- 
tion. Each ‘sim})le lode,' as illustrated in Fig. 51 , is the tabular filling of a 
fissure, that is of a cavity standing more or less open. In the hanging- 
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wall and in the foot-wall the lode material is generally sharply separated 
from the country-rock. When such a wall is further marked by clayey 



Fk; 53. -( 'oiiijiosili' lode III till' sciiM* <»r Jviii'it li. 'IVlluinlc lode ni the Kal.^ooilie disliii t. 
Western Aiistr.'dia. 



Kl(.i 53, 55. — Coiuposite lode.s (d the (loldell lloiseslioe imiie, 
Western Austruha, liavinxm e<iiise<nieiice ol (oiiiplele silicllieat loii of 
till* Intel veiling; roek the appearaiK-e of simple lodes. Kiiiseli, ZciL 

t pH'U. CcoLy 1901, p. 328. 

material this material is known as ‘ gauge ’ or 
‘ selvage.’ The width of siniphi lodes, that is the 
vertical distance between the walls, is as a rule 
not more than one or two metres. 

‘Composite lodes’ in contradistinction to simple 
lodes, are chiefly formed when after the formation 
of a fissure the hanging-wall breaks and its material 
falls into the still unfilled space. The fissure becomes 
then a wide disturbed zone which in the foot-wall is 
often separated from tlie country-rock by gauge 
resulting from the giinding of the. rock surfaces, 
while in the hanging- wall it passes gradually over to undisturbed rock. 
Then in this zone the spaces between the rock fragments become filled with 
ore and gangue deposited from min<*ral solutions, in such a manner 
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that in a section across the width pieces of ore, more or less large, alternate 
with rock fragments. Such lodes are termed ‘ composite lodes ’ in the 


SS.W,, ' 



sense of Cotta and Naumajin who j)roposed this term for them. They 
are illustrated in Fig. 52. • 
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Not loss important is a second type of composite lode suggested by 
Krusch,^ which consists of a number of small veins between which the 
country-rock is impregnated with ore or metasomatically replaced by 
gangue. Such a lode is illustrated in Fig. 53. It is often doubtful whether 
such zones owe their formation to tension or to pressure. In all cases 
however they are essentially mineral zones in wliich cavity-filling on account 
of the small cavity- width has played but a subordinate part though the 
country-rock between is sometimes^ so completely silicified that to all 
a{)})earances one single and large lode is formed. With this type of com-^ 
posite lode no sliar}) wall exists either in the foot-wall or in the hanging- 
wall, but on both sides the lode material passes gradually over to 
unaltered country-rock. The economic width is therefore determined by 
the perfection to which mining and treatment have attained, since all 
mineralized material from which a profit may ])e made is mined. The 
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width of such lodes therefore in the cases of long-lived mines gener- 
ally increases with advance in treatment and improvement in com- 
munication. Among others, a large number of the telluride lodes of 
Western Australia, illustrated in Figs. 53, .51, and 55, belong to this type. 
Contrary to narrow simple lodes, composite lodes have usually considerable 
width, this reaching sometimes to 50 m. or even to 100 m. The fact tliat 
with such lodes no sharp boundary against the c iimtrv-i'ock exists, is 
naturally a possible source of error wOien making a valuation. 

iSimple as wtII as composite lodes have a taJiuIar form. In this 
therefore they exhibit great similarity to or(‘-beds, from wdiicih they 
differ however in that theii extension in all directions is generally smaller 
and in that* they generally cut across the formation, often as in Fig. 56, 
faulting it, while ore-beds are abvays conformably interbedded. Should 
perchance a lode coinci<le in strike and dip with the country-rock, as does 
that illustrated in Fig. 57, the,re is tlien, as far as form is concerned, no 
difference remaining between it and an ore-bed. Even then however, and 
irrespective of a possible difference iri mineral content, iliere would remain 
* Zcil f piahl. (k'ol , IIHKJ, p, ;}23 
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the difference that tlie lode is yoim^jjer than the country-rock, while 
under ordinary conditions the ore-bed is younger than its foot-wall and 
older than its hanging-wall. Since fissures have a limit both in strike 
and dip the tabular form of a lode eventually gives way in both these 
directions to a lenticular form as the lode pinches out. It is cusi-ornary 
to regard as lodes only such deposits as fill those fissures where the s])ace 
to be filled was m«re or less tabular. 

When afjssurc crosses beds of diffi^rent petrographical character, its form, 
^and consef|uently that of the deposit within it, is generally found to undergo 
some modification, in compact sandstone for instance a fracture is usually 
clean ; in soft slate however it more often splits to form a broken zone in 
which country-rock decidedly preponderates. In readily soluble rocks such 
as limestone or dolomite, a fissure occasionally enlarges itself by subsecpient 
solution of the country-rock, to form irregularly shaped cavities or 
chambers. Such cavities, in consequence of the numerous fractures and 
bedding-planes which serve as points of attack for the solutions, often 
form a complex system ; .should they then become filled with ore such 
deposits are no longer termed lodes but are described as ‘ chamber 
deposits.’ These appear more or less pipe-like, their length coinciding 
with the extension of the principal fissure or with that of the bedding- 
})Ianes. Deposits of this class are not infrequently of large dimension, 
though irregularity in form often renders mining and the estimation of 
quantities very diflicult. 

(c) MelasonxUic Deposits. 

These deposits are formed only wiiere the country-rock is easily 
dissolved and therefore principally in limestone and dolomite, masses of 
which rocks, wiiih'. maintaining their form, becoming very gradually replaced 
by ore. These deposits are almost invariably connected with fissures 
and faults, generally containing some ore, which have served as channels 
of ac(U3ss for the mineral solutions. fSuch a connection is illustrated m 
Fig. 58. While W'ith lodes and chamber - deposits the^.forin is only 
dependent u])on the original shape of the cavity, with metasomatic 
deposits the shape of the mass undergoing alteration also plays a part. 
In cases of complete alteration, such as is illustrated in Fig. 59, it is the 
shape of this mass which determines that of the deposit. In this 
respect two classes of metasomatic^ dejiosits may be differentiated, namely, 
those of manganiferous iron and those of lead-zinc. 

At many places on the earth's crust beds of limestone of w idely differ- 
ing age at Bilbao, Cretaceous ; at Kamsdorf, Zechstein ; in Cumberland, 
(Carboniferous - have been altered to more or less manganiferous iron ore, 
the process of this change being that sideritc first became formed, from 
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which ill turn Jiinonito and lunmatito resulted. With deposits of this 
typo the actual hlliu^^ of the fissun* throu<ih which the mineral solutions 
arrived, ^nuierally plays no material part. It often happens, as illustrated 
in Fi". 59, that an entire limestone bed is comjiletely rejilaced. The 
form of the metasoniatic man^uiniferoiis iron deposit then completely 
resembles that of an ore-biul. It is however usually the case that complete 
alteration only takPs ])lace in the neighbourhood of the channels of access, 
receding from which the a, mount *of alteration gradually but surely 
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Fni. r>a. — Mct.isonj.itic 11(^11 (h-nosits ,it K.•ml^<lolf m 'J']niiini,'rii, .sli«»\viii-f tin- (IcjaMideiu-o 
(»l tile ioiiii n| ail ote-l)t‘(l npou tliutot a liiiiesloiic mass. Ut-NX'lila^, Jah/h. tf. jtrakf. 
L(t)u/rs(ni.sf., 1SS8, j». ‘529. 

diminishes till the iron ore becomes limestone rich in iron, which in its turn 
gives place to umdtered rock. ' * 

With the h‘ad zinc ores of this class the case is essentm]Jy different. 
The solutions pregnant wit h these ores appear to have set about the altera- 
tion of the limestone less energetically, so that only ii^ ipiite exceptional 
cases has this rock comjiletely disappeared. (Generally the occurrence is one 
of irregular ore-bodies formed, as illustrated in Fig. (10, along the bedding- 
and fracture-planes of the limestone, and exhibiting a pipe-hke shape which 
gives to them a certain resemblance to the cavity-fillings described on 
p. 41, with which (h'posits they are almost invariably associated. 
Should the alteration be more complete an irregular ore-body arises which, 
in so far as its form is concerned, may possess great similarity to contact- 
metamorphic deposits. All gradations in form between the pipe-like and 



44 


0KK-DK1^08ITS 


the chimney form are found. Moreover, generally tliough not always, 
there is no sharp separation from the country-rock, in eonsefjuence of 
which and of their irregularity the development of these metasomatic 
deposits is a work of considerable difficulty. 

Under especially favourable conditions 



Ki<;. 1)0. MetaM)in;itif on- jupr-lik^, tin- licd- 
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the mineral solutions. In fixing tluj len^ 
this fact has to b^' taken into consideration. 


metasomatic alteration may 
proceed from one face only, 
as for instance when lime- 
stone lies on impervious 
slate. Knowledge of thq 
fact that metasomatic 
deposits almost without ex- 
ception occur in close rela- 
tion to fissures, lodes, faults, 
or cliamber-ch'posits, is of 
great service in establish- 
ing the general connection 
between the different and 
usually numerous bodies 
hu'iningpart of any compre- 
hensive occniTciKM'. These 
bodies are only found within 
a zone extending along a 
fissure or break, and their 
occurreiKM^ is further limited 
to such rocks as surrender 
to mefasomatic- alt(‘ration. 
It is ])articularly at the 
(contact of imj)ervious beds 
with limestone that thes(‘ 
leposits are found congre- 
gated, because there the 
imjiervious beds dam back 
,tli of a mining property, 


(<!) I tHpmfKffllons. 

When solutions containing heavy metals find their way along fissures 
or bedding-plan(‘s into a bed which, while fioious, is not or is only to a small 
extent soluble, then the pores of that laul may b(‘(*ome filled with ore. In 
such a (;ase an ore-deposit eventually arist's wliicdi in gnnitm- [lart still 
consists of rock material and which therefore, speaking generally, retains 
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the form of the original bed. In aii impregnated zone thus formed the ore 
is younger than the rock. As a rule it diminishes in amount on both sides 
with distance froni the planes of access, so that, as illustrated in Fig. (Jl, 
a gradual passage from the impngnated zone to the original rock occurs. 
When the bed becomes com- 
pletely altered the form of 
the resisting deposit is 
naturally that of a bed ;* on 
the other hand with in- 
complete change it remains 
irregular. Jn any case the 
ore-body usually shows its 
greatest thickness along the 
channels of access, on both 
sides of which it passes 
gradually, though alojig no 
regular line, into normal 
rock. 

To this class of ore- 
dep( )sit 1 1 h c con ere ti Ol i a ry 

d(^posits and fahlbands inav also lx* considered to belong, ('onci’etionaiy 
deposits maybe primary, that is formed during the original consolidation 
of the rock, or secondary, that is fornuHl after that consolidation. If for 
instance heavy metals be in solution in a mudstone not yet consolidated, 
it often happens that these do not ivmain evenly distributed throughout 
the still soft material, Init collect at points which on account of special 

chemical or geological circumstances 
are peculiarly suited for ores to 
crystallize out of solution. Thus, 
coiKTctions of clay ironstone are 
generally found around organic^ 

remains, as with the c.lav ironstone 

* 

k'idniys of the J\('llir<j(’udcs at Le- 
bach and the clay ^ironstone concre- 
tions in the Coal-measures, this latter occujTcnce being illustrated in Fig. G2. 
Concretionary deposits may also be fornual in clayey sand and irf sandy clay, 
even long after their deposition, should these become saturated with solu- 
tions from out of which ores may crystallize. The only necessary condition 
would be that the beds were not completely impervious. Jdic form of such 
secondary concretionary deposits, which originate also by concentration 
around specially suitable nuclei, is exactly the same as the primary ; as 
a rule however they are not so often met. They are illustrated in Kig. 03. 


Fig. 1)2. -Clii} .1 onstone poiu iclioiis m ili 
lijuigiii^f- wall ol tl)i' main si'.im ni tlm Ic.'i] 
portion ol Mm Westplialiaii coMlfirld , Mieso con 
cretions. containing" O’d/cgO/p.'-, icpiescnt , 
niaiTiK* lioi'izon. 
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The greatest factor affecting the form of these deposits is tliat of the 
bed to which their occurrence is limited. If the deposit be primary, then the 
concretions are found either separate from one another in a d(‘hnite horizon 
of the bed, or so clos(^ together that an almost com})act body results, iii 
, - which case the form of the 

deposit, as illustrated in 
Kig. 61, practically does not 
difflM' from that of an or- 
dinary ore-b(‘d ; such occur- 
rences might even just as 
well be considered under 
that class. Secondary con- 
cretions on the other hand 

Ki.^ Ii3 - UinoMite coiu-irti..!.., re|mM.„im» ‘W'* fieiK'rally irroniilurly dis- 

Mderito ot mh’oihIju \ loiiiiiition m and tributed 111 tlieil’ b('(l. 

JMiucnic glaiK'oiiite sand. Mould - sand niiaiiv Ufst ol ,,,, , n i ^ 

Lni-en on tl.c n\<-i Fans. I he tahlbaiids wliicli may 

also bo consid(*r(‘d here, are 
not all of one origin. Petrographically they are crystalline rocks in 
which particles, crystals, or nests of chalcopyrite, jiyrite, or pyi’rhotite, 
occur to such an extent that the rock, especially in its weathered condi- 
tion, is distinguished from those surrounding it by its lirown colour. 
Formerly the term ‘fahlband* the name arises from the fad(*d colour of 
the weathered deposit - 
was limited to those 
occurrences in which the 
pyrite was, as suggested 
in Fig. 65, ostensibly con- 
temjioraneous with the 
rock, this rock belonging 
to the crystalline schists. 

•Bui with such a defini- 
tion difFiciiIties arose be- 
cause magmatic deposits 
in eruptive rocks, in re- 
gard to their petrogra[)hy, agree (*xactly with typical fa lil bands, or at k^ast 
in so far as* the distribution of their pyritic particles is concerned. Later 
investigation has shown that the genesis of even those fahlbands which 
were regarded as typical is open to disjnite, since the rocks which from 
their appearance have so far be(m regarded as belonging to the crystalline 
schists are more often in fact regional -metamorjdiic rocks whose pyritic 
content 6rst arose during metamorphism. It is therefon^ advisable 
when .defining the meaning of the term ‘ fahlband ’ to renounce the 
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of but small economic importance— is that of the enclosing bed, or 
in other words that of an ore-bed. Passing as they do both in strike and 
dip gradually over to rock free from pyrite, the extension of the fahlband 
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-Di:i<,njun of a t'alilFaii^l .showing' the lelatioii between the 
metalliferous leiis ami the whole bed. 


is less than that of the bed. The relation between the two is best described 
as that of two lenses, one within the other, of wliicJt the one inside is 
the fahlband. This position is illustrated in Fig. Gb. 


DisTruBAXCEs OF THE Epj(ienett(’ Deposits 


First among these come those disturbances which have already been 
described under the syngenetic dejtosits. Jn j)articular those which ailect 
impregnated and metasomatic deposits, or at least the metasoinatic niangan- 
iferous iron deposits, agree almost completely with the disturbances of the 
syngenetic de{)osits ; folds, overthrusts, faults, vertical d isplacements, latera 1 
displacements, all are found to occur, but folds and faults most fre(|U(Mitly. 
Contact deposits and cavity-fillings, in consecjuence of their form and 
origin, are less liable to disturbance by folds and ovei’tliTUsts, and of the 
three remaining classes of disturbance, faults are with these two classes 
of deposit the most numerous. All that has been said under syngenetic 
deposits concerning the formation, the properties, and the unravelment 
of the different disturbances, holds good here also. To those disturbanc(‘s 
however another must here be added, namely ‘deflection,’ to which how- 
ever lodes only are subj(*ct. 

, Lode Deflections. 


These disturb a lode along its strike. 41ie lode sto])s at a fissure or 

at some other obstacle such 
as a difference of rock, after 
crossing which, as illus- 
trated in Figs. 07 and G8, 
it resumes its course again 
though a little out of line. 
The appearance of a deflec- 
tion in plan is therefore 
similar to that of a true fault, though there exists no regularity in 
the iTianner or direction of this class of dislocation. This essential 




CLASSIFICATION, FOEM, AND GRAPHIC IlEPllESENTATION 49 




^1-. 


r □ 1 i: 

. 1 I Lirnc^toiif*. 


(iKiniti! 


.ZT-L 


difEerencc between the two classes of disturbance is based upon their 
different j^enesis. Deflection results when at the fohuation of a lode 

fracture, older fissures or obstacles _ 

were already present producing 
a deflection of the youn^^er frac- ] j 
• ture which, upon arrivin^^ at the ^ 
older disturbance, followed this for 
a longer or shorter distance till at ( 
sonie favourable point it branched | | 

off again into the country- rock, - pij 

contiiiLiing its course there with 

. ^ I'n; bS.- Double I(i(]p ik*tie( tioii Iroiii tlic , St. 

approxiniately the same strike as oi.ii' lodo. Vo^4, ovw., moii, [). l 

before. Since the obstacle 

causing such a deflection is 
older than the lode this latter 
does not actually stop at the 
obstacle, but generally continues 
within it though often much 
split up. Deflections are 
therefore similar to ‘kinks’^ 
wherein without apjiarent cause 
a displacement in strike is 
presented, doubtless brought 
about by some change in the 
(‘fleet of the pressure in opera- 
tion. Such a kink is illus- 
trated in Fig. 69. Since de- 
ll(‘ctions are due to differences 
in the cohesion of the rocks 
enclosing the fissure, the direc- 
tion in which a lode beconTes 
deflected is not dependent upon 
its dip or upon that of the 
obstactle. In |his fact lies a 
second essential difference be- 
tween deflections ana faults. 

' Since no complete cutting 

Ki(i. bib Ivnilv 111 ii iicul\ ojtciifd jnritp m-iu mi ;i ^ ‘ 

lode. Traui^'ott Kn iln-r-; distnet. Two-lliirds ofl of the lodc actually OCCUrS, 

the unravelment of defiectiems 
is most simple. • The shatteri'd lode is followed in the deflecting obstacle till 
the place is discoveri'd where it again enters th(‘ country-rock and resumes 
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its previous strike. Ajjjain since, as will be stated later in the chapter 
upon mineral formation, the deposition of ore is in part dependent upon 
the physical properties of the country-rock and in cases of deflection the 
material of the pre-existinjjj obstacle differs essentially from the country- 
rock, it is usual to find that portion of the lode within this material different 
from the lode in the principal part of its course. 


(Irapiiic Representation of Derosiis 

A clear presentation of the form of a de])Osit can only be furnished by 
the most complete j^ra})hic representation, and the miner therefore 
from the bcp^innin^ has called to his service tlui art of surveying. The 
diffenmt survey plans which come in question are 

1. The ground plan, that is the projection of .all the workings upon a 

horizontal plane. 

2. The longitudinal plan, that is the projection of all the workings upon 

a vertical plane parallel to tlie strike. 

3. The stoping plan,tliat is the presentation of 1 hose woi kings situaf.ed 

upon the ])lane of the giuKU’al strike and di]). 

4. Sections : — 

(a) Transverse si'ctions, made, at right angles to the si like and at 
difhuent ])oints. 

(If) Longitudinal sections, made jiarallel to the loih' and at 
different points. 

Of these drawings, the ground plan which may be looked upon as 
the sum of the horizontal s(‘ctions at the different levels, the transverse 
sections, and the .sto])ing plan, ari* especially important and indispensable. 
With regard to the first, on account of the multiplicity of th(‘ workings, it 
is generally better to keep scjiarate drawings for each l(‘vel. Drawings 
* in* wdiich lengths or heights become too much foreshortened are not to be 
recommeiyled and had better be avoided. Mine plans upon which all the 
levels are put together usually give only a general view of tin* extent of 
the wairkings, at^d when the number of levels is large, such plans are no 
longer able to present a cleai- picture of the geological circumstances 
of the (hijiosit. The ore-bodies, the variations in country-rock, the dis- 
turbanc<‘s, and tin* waiter-courses, should always be clearly indicated on 
mine plans, nor should the geological survey of the surface be omitted. 

In many districts it has become the rule, by imams of a number of 
vertical and horizontal sections at regular distancias apart, to reconstnuT 
the form of the deposit on a reduced and convenient scale. W. Petm'sson 
in 1896, for instance, represented the deposit of the Nordmarks mine. 
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Norbcrg, l)y means of a number of such horizontal sections wliich he 
attached as an atlas to his description and vdiich when arranged one over 
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another RiVC an excellent idea of the de|M)sit l)oth in vertical and horizontal 
relation. These .sections are illustrated in l^’in.s. 70 72, In We.steiai 
AustMa also, mining engineers are aeeustoined to give, vertical sections 
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through tlieir auriferous deposits at distances of ]00 feet apart, in addition 
to the more usual horizontal sections. Such vertical sections in the case 
of the Golden Horseshoe mine are illustrated in Fit’s. 73-78. From such 
graphic representations models of the deposits can at oiuie be made, or if 
the drawings be transferred to glass plates arranged in order and to s(*a]e, ^ 
the most perfect pictunt is obtained. 

Carefully kept plans however do not only give all the necessary in- 
formation concerning the behaviour of the ore-body in strike and in di]), 
but also contain data connected with the distribution of tlie metal content. 
When describing later the method of taking samples it will be explained 
that the assay results should be ent(U‘ed upon the mine plans at the places 
where the samples were taken, because in this way only is it [lossible to 
recognize the riidier parts of the (h'posit and to kee}) these separate from 



the others. Where by careful sampling, the ‘ ore-shoots,’ that is to say the 
richer zones, have been defined, work is naturally confined to these if the 
intervening portions of the depo.sit are unpayable. The stojiing plan in 
sveh cases gives all [lossible information concerning the extent and number 
of the ore-shoots, since development and mining work are almost entirely 
confined to these. If the exhausted areas are carefully entered upon the 
ground plan of a mine it is even possible under favourable circumstances 
to be able from^the position of these areas to gather the condition oi the 
mine and, the prospiuds of its immediate future. For instance, Fig. 80 is 
the plan of the Associated Northern Blocks mine, W(‘stern Australia, a 
mine which in former years was widely known on account of its large outjiut 
of rich gold ore. If the position of the stojies upon this plan be compared 
with the depth of the levels on which they occur, it will bt‘ seen that in this 
lode, which strikes roughly to the north, the ore is not evenly distributed 
but forms one especially rich slioot which pitches to the south, in which 
direction and in depth it passes into the ground of the neighbouring mine. 
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From the continued advance of storing in this directioji it was possible 
from this plan to foresee when this ricli ore would come to an ojid. Since 
in such cases of irregular juining a sudden impoverishment in the ore must 
follow, the study of mine plajis in this connection is of the great('st import- 
ance in forTuing an opinion of any deposit. 

The study of ore-deposits does not however only concej*Ji its('lf with 
the determination vf their circumstances in sj)ace and their matejial con- 
stitution, but at the saine time it j)rovid(‘s points of tlie great(\st assistance 
in the solution of various economic factors amojig which that of the ore- 
i-eserves is the most important. In the correct estimation of tliis factor 
the determination of the exhausted anais is of great imj)ortance and in 
making this estimate the stoping plan is more useful than all the others. 



Fi(J. 82. — Stoping ])l!in of the No. 3 lod**, (lohloii Iloiseshoo iiiiiio, .showing the bonnd.'iry 
holwofii the oxulizc-d jind the sulphide oi-f, liepoit of the Company lor the vai IDOL*. 


(hrefiilly managed mines moreover indicate upoji their jilans not only 
the exhausted areas but, as illustrated in Fig. 81, also the areas mined 
each year. From plans so kept it is possible to form some idea of the*lihf 
of a mine. 

Since generally only those portions of a deposit which are payable 
are worked, the stoping plan upon which the exhausted^areas are entered 
gives, especially in the cases of those mines which have had a long life, 
a reliable picture of the relation of the payable to the unpayable 
portions. In a properly managed mine, development and mining are 
systematically undertaken ; deeper levels are regularly advanced and the 
ore, if payable, is mined in practically unbroken setpience from the top 
towards the bottom. If then from a mine plan it is seen for instance that 
the ore above the first, second, ajid third levels had been mined ; that the 
ore over the fourth and fifth levels was still standing; while that oyer the 
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sixth was being actively worked, it might with certainty be gathered that 
tlie ore above the fourth and fifth was unpayable. 

Again, since development work under normal circumstaiK^es advances 
regularly into depth, every succeeding level will at any one time be shorter 



than the one above. If therefore it is se(m from a plan that below a 
certain point the levels are apfuoximately of equal length and without any 
stoping done upon them, it may be taken as cei'tain that the payable ore 
has pinched out in depth and that new ore-bodies are being eagerly sought. 
Similarly, mine plans give information concerning the distribution of ore 
along the strike even though no proper shoots exist. A stoi)ing plan on 
which unworked areas are surrounded by stopes, indicates that the dis- 
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tribiition of ore alon^^ tlit' strike is irregular. Tliis is illustrated in Figs. 
80 and 81. 

In addition to the details of stoping, plans also usually contain data 
concerning the width and the metal content of the deposit at difFerent 
places. It is hecoming more and more the custom where the oxidized and ^ 
sulphide ores are radically dill’erent, to mark u])on the stoping plaii the 
boundary between these two zones, itiore particularly as the treatment of 
the former is often quite dilferent to that suitable for the latter. Such a line 
of demarcation is indicated in Fig. 82. In those gold mines where for 
example the gold in the primary zone is associated with tellurium or pyrite 
while that in the oxidized zone is entirely free, it has become the rule 
to indicate upon the plans the boundary between the two classes of on'. 

In the estimation of the on'-reserves consideration is given to this point, 
and the so-called sulphide ore which r(*(piires roasting or the a])])lication 
of bromo-cyanide, is kept s(‘parate from the oxidized on' foi’ which 
amalgamation and ordinary (*yanidation are sufficient. 

In those mining districts where in the develo])ment of any deposit of 
ore or other mineral extended use is made of horizontal and inclined bore- 
holes, the mine plans and sections show these holes in addition to tlu' 
ordinary workings. Since to-day it is possibles to drill holes up to 12(10 m. 
in length and at any desired angle without appreciabh' deflection, a simple 
arrow’ along the line of tlie hole suffices to indicate such a hole, if, on account 
of the foreshortening w’hich occurs in most jirojcctions, this arrows be 
accompanied by the figures of its length and inclination. Since however 
core-drilling allow’s also of the exact determination of tlu' natun' of the lieds 
traversed, the most complete rejuesentation of such a hoh' is ])r(‘S(‘nt(‘d 
when, in addition, the rock sequence is given in colours along this arrow^ 
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A iiKAiiAM (I. Weknkh. N('U<‘ 'rhr()ri(' voii dcr der ( J.iiiifo mit Anwendiin^ auf 

d('n )^(>r<i:l)AU. 17!)l. b’KEiEsio'.itFN, zur jV<itiir}j;(‘schif'hte dtT (Jan^i'o, 

vt>ii iMolls .falirb. d. u II iitt(‘id\und<“, l\’. 2, bSOO, p, 1. — von Weissknbaom. Ahbil- 

duug('n iTUTkvviirdiua'r (biri^vcrlialtni'^so ans d(‘in s ichsischen Pa'zifel»ir<fi‘, - F. (\ von 
Be[iST. Kritische Bclvuchtun^ dcr WcriKSscluMi ( Jaiiiijthooiu'. 1840. — li. von C'ott\ and 
Ml LLEit, ( Jan^^tudaMi, I IV., I8r)0-I8()2. — ]i. vonM’otta. Lchrc von dvii Kr/,lau;i'r,statton. 
Frcibor^, ISoli, 1 85!) -I SOI . -M. K (} xetzschm ws. Dk' Auf- und Untersucliun^ von 
rja<j;('rHtatt('n nut/, barer Min('rab(‘n. 2iid imIiI., 180(1 -d. (Jrfm.m. Laucu-fitatti'n d(>r nutz- 
baren ]\rinerali('n, 180!). — lA P<isi:i*n\. (b'olo-j^iscbe lietraehtun^nni uber die (ilan^es])alten. 
dalirb. Leoben, X.XH.. 1871,]) 253. .\i,it. Heim rnter,suelnin}i;en uber dtai Meebariismus 

d(‘r (Jebiru;sbil(lunL(, 2 vols with F>asle, 1878. — A. \on (Jiioddeck. Die Lebre von 

den La^er.statten der l<]r/(‘. Liapziu, 187!). A. Dai hkee. F.Npeiinu'ntale (Jeologie. 
(Jerman edition 1)V A. (Juilt. lirun.-^wiek, 1880 — .). If. L Voot. Noiske ertsforekorn.ster, 

),, 1S84.— F. Si i^ss. Das Anthtzder Frde, 1.. 1885; II., 1888; III. 1, 1001 ; III. 2, 100!).— 
I'''ii. S wniiEROKK. l^tit(‘r.siieliuti;/(‘ri nber Fr/ifanj^i*, II., 1885. — K. A. Bosskn. ‘Hebereiii 
dureli Zufall in (“iner Fenster,selieibcent.st:'nd»Mies'rorsion.s,spal(<'rietz.' dalirb. d. K^d, Frcuss. 
(biol Lande.-ian.stalt, 1880, p 5.50.- A. Dvt mkee Los Fau\ .soiiterrame.s, HI., 1887. — 

F. M\K(;eiue nnd Heim. Die Dislokationen der Frdrinde. Zurieb, 1888 — Becthkh. 
Uber Uan^djildnn^M'n. Ber«f- u. 1 1 utten/(‘itnn;j:. 1801, p, 10.5.— .1. A. PhilltI’.S and H. 
LoiTfs. A Treatise on Ore Deposit.s, JL, I8!)0 — F. Keookmann. Biatra^fe zur Fr/Iai^or- 
stattaaikunde (le,', Har/es. Zeit. f. jir.ikt. (leol., 1805, p. 105.— U R. van Hise. ‘ Rrineiple,s 
of North Ameriean Fre-Cainbri.oi (loolou;y,’ Ann. Bep. IJ.S. Ueol. Survey. X\T., 1804 -1805, 

Ft I. f) .5!)5 ; ‘Some J’rineijih's ( 'ontrolline the Deposition of Ores,’ 'rrans. Am. Tnst. 
Mill. Fn^c X\X., 1!)00, p 27. -F. von Rn'iirnoFEN. Oeomor[)hologisehe Studien itus • 
Ostasien IV. Sitzungsber. Berlin AKad. .\L,I!)05, p 807. — F. Sd'oo. Les Lois fondam. 
do rorogenie de la terre. 'riirin, 1!)00. — AiMi’FEKEU. ‘ Uber das Bevvegiyig.sbild von 
Faltengebirgen,’ -lalirb. Oeol. Reiehsanstalt, LVL, Vdenna, 1000, p .55!). — L. Waaukn. 
VVie ontstelieii M(‘eresbeeken und Oebirge ? \’erh. (leol. ReichsansUlL|^ienna, 1007, p. 
!)!). — M. Beutrani). ‘Mem. siir les refoulermmts (|ui out plisse Fecoi^ terrestre.’ Mem 
A(;ad. Seienees, tome I, No. 2, Fans, ]!)0S, F. Kaiser. Lehrbueli der fleologie. 5rd 
edit. Vol. I., Stuttgart, 1!)0!), • 

Both by tiutiial o.xpurinioiit os well ;is l)y observation in the field it has 
been soiiyht to fathom the eanses from wliich fracture results. Daiibree, in 
his work on experimental Reoloijy, showed that tension and extension, 
compression and jilication, and finally also torsion, come into tpiestion. The 
tectonic fissures resulting from any of these circumstances of stress are 
formed by forces which have tJieir origin outside the rock in whicii the 
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effect is produced. These ‘ exokinetic ’ fissures, which generally occur in 
connection with orogenic processes, are to be distinguished from those 
termed ‘ endokinetic,’ which depend upon causes arising within the rock 
itself. These latter may again he divided into two classes, one due entirely 
to mechanical causes, while with the other chemical-geological processes 
are active at the same time. 

Tectonic fissures, most of which owe their origin to orogenic forces, 
may continue to great depth. Whether in particular cases extension 
or compression were the cause of their formation cannot always be deter- 
mined. ]t must also be considered in this connection that every 
mountain-forming pressure whicdi produces compression in one place, 
must at some other place upoii the earth’s crust ])r()duce tension. In both 
cases fissures are formed when and where the elastic limit of the rock is 
passed. 

With plication, that is the thrust to anticlines above and to synclines 
below, such fissures are known as anticlinal and as syTudiiial fissures. These 
from the nature of their formation run more or less at right angles to the 
direction of tlie pressure and strike thendore with the strata wlKU’cin they 
occur. Exp(‘ricnce shows that in addition in all areas of iiitense folding 
a large number of other fissures are found cutting across th(‘ strata 
approximately in the direction of the pressure. While the strike fissures 
provide opportunity for the formation of ‘ .strike lodes,’ thos(^ which cut 
across the strata serve equally for ‘ cro.ss lodes.’ Since gom'rallv there 
occur many more tran.sverse than longitudinal fi.ssures, h)d('s acro.ss the 
formation are consequently more numerous than those along it. In mo.st 
cases the cross fissures remain open and serve as channels for tlie circula- 
tion of water and of solutions, while it is by no means invariably the 
case that dislocation lias taken place along them. 

Smaller fractures also resulting from compression inay, in plac(‘.s and 
over considerable areas, be so numerous as to produce a complete 
* sfiatteriug of the rock which in cases of extreme compression is given the 
appearanqp of a mo.saic of .small angular fragments mo.st of which have 
striated surfaces indicating con.sid(‘ra,bl(‘. internal movement. Excellent 
examples of'riii^ structure are alTorded by many of tlu‘ jjyrite bodies of 
the Rio Tinto di.strict, which district is remarkable for the cvidimces of 
intense pfessure-metamorphism. 

The experience that overthrusts, which are the conse(juences of 
extreme plicatiofi, rarely ever carry ore, is om* of special significance in 
the study of de])0.sits, since in it lies an (\s.sential difference' between faults 
and overthru.sts. This fact is connected with the diflVre'nce* in the water 
circulation in the two cases, and this again may be n'h'rred to tlu^ nujde 
of fewmation of the two classes of disturbance ; while faults and cross 
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fissures are often at least partly open, overthriists arc generally friction 
zones such as impound water. 

Although longitudinal and transverse fissures owe bothitheir formation 
and arrangement to orogenic pressure, no open space can naturally result 
till after such pressure has come to an end. In this respect, however, 
an exceptional position is occupied liy those fissures which have arisen 
along bedding-planes in antii*Jines or synclines. These are best known at 
Bendigo in Australia, wliere in anticlines they have been found most 
regularly one over another. Should mineral solutions enter such spaces, 
the resulting deposits arc either convex or concave, tapering on either 
hand till they disappear. These are the so-called ‘ saddle reefs.’ 

The fissures resulting from tension likewise seldom appear singly, but 
iiiore generally occur in parallel though occasionally in diverging series. 
Daubree and afterwards Kayser rightly pointed out that these tension 
fissures occur more often than was formerly thought. Tlie sinking of 
wedge-shaped masses can generally best be explained as the result of ten- 
sion, though in rarer cases it may be exj)lained by the solution of beds along 
fissures in such a manner that these beds lose volume and consequently 
sink into smaller space below. Tn addition to tension-fissun^s of small and 
limited extent, others have been described so large as to constitute the 
features of a country, Kayser in his well-known text -book mentions the ob- 
servations by Russian geologists upon such ('ccurrences in Middle and Elast 
Siberia, and gives as well their explanation of the Baikal Sea depression 
by the operation of tension. Richthofen explained the chain of mountainous 
islands lying off the coast of Elastern Asia as a tension curve, whereas their 
arrangement was formerly accej)t(‘d as n'sulting from horizontal pressure. 
The diffcreiice between the phenomena of fracture produced by tension 
and those produced by compression is just as difficult of determination 
on a small scale as it was in this case on a large scale. E^inally tension 
fissures may also form in accidented country when rock masses, owing to 
defects upon their flanks, weaken and eventually become detached ; tins, 
as the land-slides at Odessa show, may even take place to such^an extent 
that step-faulting results. 

Torsion fissures are formed whcji the mass, moving^ lor pressure 
or tension, encounters resistance on one side or in one place. To Lessen ^ 
is due the instructive illustration afforded by the shattering of a* window- 
pane when this is tui'ued and twisted about a point, as for instance at 
the opening of the window with one corner, U{)per or lower, held fast. 
Such fractures, which in bunches diverge radially from the turning-point, 
may be accompanied by curved diagonal fractures. 

When the cause of fracture lies in the nature of the rock itself, endo- 
^ Jahrb. d. Preuss, Geol. Landemnsl., 1886. 
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kinetic fmeture, tJie types ejiiirnerated below may be dilfereiitiat(^d. In 
hot dry weatJier, and in consequence of the contraction due to drying, 
sun-cracks are formed on the surface of such sediments as clay or mud ; a 
bed deposited later and Idling these cracks would therefore show on its 
lower side a net-work negativ(\ 8u(;h cracks and negativTS as these have, 
as far as present experience goes, no iniportam*e in relation to ore-deposits. 
Similarly when originally damp sediments become dry, a jointed structure 
arises similar to that to be observed as the resultrof the cooling of eruptive 
rocks. With these latter the fractures so resulting are known as ' con- 
traction joints.’ These are often dilficult to recognize in undecomposed rock, 
though they show themselves plaiidy when the rock is broken or becomes 
weathered. Such joints may also a])pear, both in eruptive and in 
sedimentary ro(*ks, as secondary eftects resulting from })ressure, tension, 
and torsion ; when so formed they are known as ordinary or ‘ simple 
joints.’ Only those types will however here b<* considered which are the 
result of contraction in eruptiv(' rocks or more raridy in sediments. Of 
these Kayser difTerentiates tlu' following : 

(a) Irrogidar polyhedral jointing, in which the rock-mass breaks into 
dilferently shaped, siiarp - sided, and angular pieces. — Poiphvry and 
diabase among eruptive rocks : and grauwacke, limestone, and quartzite 
among sedimentary rocks, tend to this form of jointing. The irregular 
veins, representative of polyhedral jointing, \vhich often traverse stan- 
niferous granite are important to the stiuhmt of deposits. Such veins, 
occasionally containing cassiterite and associated mineTals, traverse 
the granite in all directions, forming with the impregnated zoik'S which 
accompany them the so - calknl ‘ stockworks ’ from w^liich considerable 
quantities of oi'e have been obtained. 

(b) Tabular jointing, in which the rock appe^ars in ])arallel slabs or 
plates which generally are flat but which in rarer cases may lie gently 
curved. Numerous cases are known wh(‘re joints in eruptive rocks 
m*ust be referred to differences m tension s(‘t u]) at the si^lidification of the 
magma in a direction ])erpendicular to the cooling surface. Sucli tabular 
jointing is the more striking the (piicker the cooling was effect(*d, conse- 
quently it is\a . 4 ^ seen in the outside and more (piickly solidified ]>ortion of 
an eruptiv^e mass ; in tlic case of eruptive flows therefore chiefly in the 
neighboifthood of the iqjper surface, and wuth dykes in tin* lU'ighbourhood 
of the walls. It is seldom seen right inside a rock-mass. When the 
slabs are very thick, as is often the case with granite, tlie ocamrrence 
is described as block jointing; when they are very thin the structure 
apfiroaches that of slate, this occurring w'ith ])honolife, trachyte, ([uartz- 
porphyry, and basalt. 

^'abular jointing in relation to ore-deposits is important in the case 
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of the ^^ranite of Ziimwald where contraction fissures approximately 
parallel to the surface and having in part considerabl(‘ thickiK'ss, niv. 
filled with cassiterite, its associates, and other lodestuff. The fractining 
forces here were so great that these fissures, roughly of watch-glass sha|)(% 
do not confine tlnmiselves to the granite hut continiK' into the adjoining 
• sediments. 

(c) Prismatjc or (■olumnar jointing, in which the rock is divided into 
regular prisms or colmmfs. —This form is especially fre((uent vith basalt, 
ft likewise is an cfiecT. of cooling which, starting from the exposed surface, 
continued ever deeper into the interior. The columns often of hexagonal 
forju are usually arranged at right angles to the cooling surface, so that in 
ordinary masses the arrangement is concentric and radiatjng when^as in 
dykes it is jjarallel to the walls. This form of jointing is u ithout importance 
in 'relation to ore-deposits. 

((/) Spheroidal jointing, in which during cooling tlie rock contracted 
around a centre so that suc('evssiv(‘ curved or spherica,! shells ivsulted. — 
This form is not infreciuently a(*conipanied by columnar jointing, ft 
occurs with basalt, diabase, melaphyre, trachyte, porphyry, and less 
markedly with diorite, syenite, and gabbio. In closer connection with 
this jointing there exists also an irn'gular spheroidal form, in which the 
j’oek-mass falls into large spheroids which have variously barrel, roller, 
{)iIlow, or tubular shape. This form of jointing has however no importance 
in relation to ore-deposits. 

(c) (Cylindrical jointing. — This is seldom seen. It occurs with the 
andesite of tin* Stenzelberg in the 8i(‘bengebirge. the mass of which rock 
is built u]) of cylinders wliich separate* in successive concentric shells. 

(/) (Quadrangular jointing, in which when fully develi^ped, tliree 
systems of joints cut one another at right angles. — This form, whi(*-h occurs 
in eruptive as well as in sedimentary rocks, is well illustrated by tb<^ lilock 
weathering of many granites and the right-angled jointing of the Quader- 
sandstein in- the Saxon-Rohemian mountains, (.'losely related to it a're 
tin* ‘ ladder lodes ’ of Heresowsk in the Urals and of several jdaces in Tele- 
■ marken, which have arisen when transverse fractures formed in the cooling 
mass of an eruptive dyke later became filled with ore ; a' ..lese fractures 
an; often connected with one another by others running parallel to the 
walls the name given to the whole occurrence is appropriate. 

Tliere exists as a special kind of conta(*t effect a characteristic 
fracturing of sediments when in the near neighbourhood of eruptive 
rocks. Whcji such sediments are easily afi'ect(*d by eruptive contact 
they often exhibit columnar jointing. 

(fiiemical-geological alterations depend upon the two following essential 
factors: (1) the chemical composition of the rock, a property whicji lies 
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entirely in the rock itself and is therefore eudokinetic ; and (2) certain 
effects which can be produced on the roede from outside and which are 
therefore exokinetic. Fractures due to chemical -geological processes 
occupy therefore a position intermediate between those due to jointing, the 
causes of which lie entirely in the rock itself, and those due to orogenic 
forces, the causes of which lie entirely outside the rock. When for instance 
anhydrite by the absorption of water becomes gypsum, an increase of 
volume takes place sufficient to lift and disrujfc any rock lying above ; 
pressure so resulting is undoubtedly one cause of the formation of folds 
and fissures. With alkali beds another cause exists in the possible rccrystal- 
lization of some of the salts, the newer forms often requiring more space ; 
a mass undergoing such a change can exert tremendous pressure. 

In some cases it is not possible to decide whether fractures are due 
to pressure resulting from the absorption of a new constituent, as for 
instance water, or to the removal of a constituent during decomposition. 
The veins of magnesite and of garnierite in serpentine may be regarded in 
greater part as the fillings of crevices due to sm^li a removal of material. 
In any case, from the appearance of the red rock in which such veins are 
found at Frankenstein in Silesia for instance, it is justifiable to conclude 
that all the constituents of an original serpentine or peridotite had there 
been leac.hed and a siliceous substance deposited in their place. In New 
Caledonia also, where the origin of the garnierite veins is referred to 
surface weathering, the fractures are due to removal of material by 
chemical-geological means. In this connection the formation of the small 
auriferous veins in the bed-rock below gravel-deposits is not without 
interest ; the action of running water causes a large number of little 
crevices tv) be formed which afterwards become filled from solutions taking 
their gold content from the auriferous gravel. An analogous formation of 
fractures is seen in the case of laterite ; during decomposition of the 
rocks coming to the surface, cracks are formed in which iron orv^ becomes 
‘ deposited and from which the brown colour characteristic of laterization 
gradually diminishes. 

Fractures formed in tiiis maimer play also a cousiderablc part in the 
phenomena If-^econdary variation in depth. By the various chemical- 
geological processes active in the upper portions of dvqjosits, numerous 
crevices Teferable in part to increase in volume and in part to removal of 
material, are formed. While in the oxidation zone these are more often 
filled with limonite and other secondary oxidation ores or with native 
metals, in the cementation zone they generally carry rich sulphides, and 
from them the further alteration of the original ore proceeds by meta- 
somatis. Such veins carrying cementation ore penetrate right into the 
prim^iry zone. 
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With such fractures as these, which owe their origin to aqueous 
activity, those also must be reckoned which, existing first as narrow 
cracks or bedding-planes in a soluble rock, become afterwards consider- 
ably enlarged by circulating water. In such cases the occurrence is not 
always exclusively chemical, there may also be a mechanical removal by 
• the water ; it is in fact generally the case that with the actual chemical 
process mechanical alteration of the rock also plays a great part. 

Caving fractures ariSe when within the earth’s crust beds easily dis- 
solved are removed by circulating water. The roof of the cavuty thus 
formed collapses as soon as the limit of elasticity is passed and cracks and 
crcvi(;es result. Rock-salt, potassium salts, gypsum, and anhydrite, are 
easily dissolved in this manner. A very interestiiig occurreiuje of this 
description is presented at Raesfeld and Rhade in northern AVestphalia, 
near the boundary with Holland. In that district the rock-salt of the 
Upper Zechstein has been leached causing the Hunter sandstone and the 
(hetaceous al)ove to cave or collapse. Not infrequently some of the 
fractures so resulting arc found filled with jiyrite. At the present day, 
fractures similar to these are being formed in the course of mining 
opcrativms when beds collapse into exhausted spaces. When this occurs 
experience shows that this manner of fracture, apart from the settlement 
of the hanging-wall whereby an area of subsidence bounded by the angle 
of ru})ture is produced, conforms to laws not only dependent upon the 
situation of the exhausted space but also iqion the structure and bedding 
of the rocks above it, while in addition the dip of the beds plays an 
important part. These factors in the end cause the rupture to disappear 
in the overlying beds. The extension of such caving fractures depends 
greatly upon the character of the rocks in the hanging-wall and the shape 
of the cavity. Where large areas of uniform thickness are removed either 
by natural agencies or by mining and the rocks above possess suflicient 
elasticity these may gradually beiid and no fracture of any importance 
need be formed. 

Tuk Duea'I'ion of Fractukf anj) the Age ok LoDp]|-~lt has 
repeatedly been pointed out that tin' age of a lode is not identical with 
that of the fissure in which it occAirs and that the actual ‘'oimati on of the 
fracture as well as the later filling may both be quite complex processes. 
The movements along fissures often belong to the most varied geological 
epochs. (Ecological investigation on the left bank of the lower Rhine has 
shown that the fractures in that district were first rent towards the 
close of the (-arboniferous period when also a subsidence of the beds 
in the hanging-wall occurred. Since then tectonic movements have re- 
peatedly taken place along the fissures then formed, and faulting in Diluvial 
andscape can be traced most plainly, that is to say, the last movements 
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took place but a relatively short time ago, or in any case after the deposition 
of the Diluvial beds. This investigation also showed that it is more than 
probable that along many of the faults in the C^oal formation, which faults 
farther to the south around Velbert and Aaclieii in part occur as lodes, 
movement is still taking place. 

Similar phenomena are also evidenced in the material of many lodes. • 
Should, along a fissure which became filled shortly after its formation, 
a second movement take place, there is genefally evidence of this in 
the structure of the filling ; if into such new fissure mineral solutions 
find their way a younger lode becomes formed within the oldei’. Among 
many others a very good example of such an occurrence is afforded by the 
Siglitz lode in the Tauerti, where a younger lode of auriferous arsenical 
pyrite was recognized by Krusch to occur in an older lod(' of auriferous 
pyrite. In general, the material of which a lode consists (le})ends a good 
deal upon the length of time it took to form. Naturally each lab'r mineral 
solution entering a fissure is in the position gradually to displace the 
material already there, till finally a lode might result having nothing in 
common \vith the material of the first filling. 

The age of the actual fracture, the time occu[)ied in its formation, and 
the varying age of the eventual filling, are fh(‘ thrin* factors which 
together constitute the age of a lode. 

Nomexclatciie of CSvity-Fillin(Js.‘ The terms oltcn used in 
English for the different forms of lodes and chaml)er-d(‘posits re(juir(‘ 
some further description. 

The term ‘ vein,’ as often used by American writers, is much more 
inclusive than the (lerman (‘X|)r(‘ssion ‘ and it is consequently 

applied in many cases where the (lerman expr(‘ssion could not be used. 
Under the term ‘ chambered veins ’ is understood such (hqiosits in an 
insoluble country-rock as at jilaoes along their extent show larg(' bulges ; 
according to (1. F. Becker these [uobably originated aftiu’ llu^ formation of 
tlfe fracture by the caving of the country-rock at particular places where 
it had previously been shattered by torsion, ‘(lash veins' are formed 
by the solvent action of water along bedding-jiliou's and transverse 
fractures ; tftl^have rarely any gnait length, and as they are gmierally 
found in limestone and dolomite they belong in gnaitiu* part to the 
metasonffitic deposits, that is either to tin*, lead-zinc or to the, siderite 
occurrences. 

‘ Pipe veins ’ are sometimes mentioned in English and American 
literature. These in all cases are chimney or columnar dejiosits standing 
more or less vertically. The expression is not only used for deposits in 
limestone but for others, sindi for instance as th(‘ tin occurrences reccmtly 

‘ Sec l^rrfacc. 
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found in South Africa, which arc inclined similarly to but flatter than the 
diamantifcroLis pipes. ‘ Flats ’ differing from pipes follow the bedding of 
the formation in which they are found and are limited to occurrences in 
limestone. 

^ The term ‘ contact lode ’ re(piires s])ecial mention. Many authorities 
apply it to such lode-like occurrences as appear at the contact of an 
eruptive with a sedimentary rock, and which ther('h)re are the fillings 
of spaces which might well have arisen from fracturing along such a line, 
or from the a(‘tion of wat(‘r using this line of weakness as its channel and 
gradually removing portions of the walls. They might also even be con- 
traction fractures formed, like those at Beresowsk, at the peri])h('ry of an 
eru])tive rock when cooling. vSince the use of the expression ‘ contact 
metamorj)liic deposits,’ or more shortly ‘ contact de})osits,’ became 
general, the expression ‘ contact ’ is only propmdy applied to such occurr- 
ences as through contact metamorjihism are closely associated with eruptive 
[ihenonKuia. It is everywhere acknowledged that true contact deposits 
may closely resemble lodes. 8uch would be the case when any fissure 
standing o[)en in the contact zone, or becoming fornuxl there by contact 
metamorphism, later became filled with ore deposited from solutions 
issuing from the magma. On these grounds the limitation of the term 
‘ contact lo(h‘ ’ to lode-like deposits of contact metamorphic origin is 
strongly to be recommendi'd. 

Titl: Akhaxokmext of Lode Fissures.— It has already been ex])lained 
that in general the fracturing forces at work form eith(*r irregular fractures 
with ever changing strike and dip, or simjih'. fissures maintaining a 
d(‘finitc cours(*, for a (amsiderable distance. In the first case the result 
wf)uld be, for exampkg a ‘ stockwork,’ or when the veins were not too 
irregular a ‘network’ bixperience shous however that even with the 
larger lodes it is seldom that only one lissuie is formed, but that in most 
cases several ar(' produced to form a ‘ lode-system ’ or a ‘ lode-series,.’ 
When it is said for instance that the Mother Ijode of California has an 
extension of more than one hundred kihnnetres along the strikr^ it is not 
meant that the same single fissure occurs over all that leisgt^h *but that the 
; lode consists of a number of fissures having the same strike, of whicli when 
-one gives out there is another not far away in the hanging- or the foot- 
"wall to take its place. It is ther(d’ore advisable when one of the larger 
lodes pinches out to continue a short distance in the same direction, and 
then to crosscut light and left in order to cut any new lode possibly 
;prescnt. 

Occasionally also a number of fractures with various strikes may be 
pound close together in a ‘ swarm ’ ; such an occurrence is often to be seen 
in Siegerland. According to Denckmann, these are found when the* out- 
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side fissures ol a tectonic depression are connected by a large number of 
others running diagonally and transversely. 

The fact that lodes are more frequently found in the neighbourhood 
of important tectonic lines has been particularly brought out by the 
geological survey of the Rhine ScMefergebirye undertaken by the Preus- 
sischen GeologiscJien LandesanstalL At the fo^’niation of a tectonic fissure 
a large number of transverse fissures may ^rise, which, if they are 
parallel, become ‘ parallel lodes.’ Such lodes also often agree with one 
another in dij) and, when they are accornpaiiied by faulting, usually show 
step-faulting. The fact of being parallel however is not sufficient to 
establish contemporaneity ; since fracture in general takes the line of 
least resistance, the same districts may have suffered at different times. 
When fissures proceed out from a centre, as might happen when torsion 
played the greater part, they give rise to ‘ radial lodes.’ 

The Behaviour of Lodes to One Another. -Whenlodesof different 
age occur together the older may influence the strike of the younger or vice 
versa. Under the term ‘ lode junction ’ is understood the situation where 
two lodes striking in different directions intersect one another. If the 
angle of intersection be a right angle the junction is spoken of as a 
‘ square junction,’ but if it be an acute angle then tlu^ term ‘ oblique 
junction’ is used. With lodes of the same sfrike, a junction can only 
occur if the lodes di|) towards one another when the intersection is 
spoken of as a ‘ dip junction.’ 

The term ‘ deviation ’ in connection with lodes is used when the 
line taken by a later fissure is influenced by one already existing, in 
such a manner that the mor<} recent one follows the other for a time 
and afterwards leaves it, without having crossed it. 

In all these cases the lodes as a rule are of different age although it 
does occur that intersecting lodes arc occasionally contemporaneous. 
EiVen however when such contemporaneity can be established for the 
filling, it is in no sense established that the fractures are ecpially contempor- 
aneous. •Deviation is to be distinguished from ‘ deflection ’ in which the 
deflected po^Jion may continue beyond the obstacle, (uther as a sim})le 
fissure or as a veined zone. With such deflection not only may pre-existing 
fissures be the cause but friction zones and overthrusts, which as before 
mentioned hardly ever in themselves contain any ore, may serve equally, 
bringing about deflection by the difference between them and the norjual 
country-rock. 
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Ore-deposits contain the following different components, wliic.li may 
occur in every structural arrangement and in every possible proportion. 

1. Ore. 

2. Gan^nie. 

3. Rock inclusions. 


T. The Ore 

In relation to ore-deposits, any metalliferous mass from the like 
of which in the present state of the arts of minini^, ore-dressing, and 
metallurgy, a metal or metal compound may in general be produced on a 
large scale and with profit, constitutes an ore. The term is iiot one of 
chemical technology and accordingly such compounds, as for instance 
the potassium salts, are not included. This definition, it is seen, differs 
essentially from that understood by mineralogists who regard ores as 
minerals containing tnetals in certain fixed condnnations. In the study 
of ore-deposits, on the other hand, the mineral masses and rocks 
included as ore contain a lower percentage of ore in the mineralogical 
sense, the highei’ the value of the metal concerned. In mineralogy for 
instance auriferous pyrite is a gold ore, while in the study of ore-de})osits 
the quartz masses which may contain this pyrite in s\ich quantity that a 
profitable extraction of the gold under })resent metallurgical coTiditions is 
possible, constitute the ore, though in such a case only^the smallest 
fraction of the mass is valuable. 

The term in this sense does not however coincide with that of pay- 
ability. It only demands that, without considering the conditions of com- 
munication or the quantity present at any particular place of discovery, 
such mineral matter in general is being applied under presejit conditions 
with profit and on a large scale to the production of metal. A mass of ore 
is however only payable when it occurs both in the necessary ipiantity 
and under those economic conditions which permit a profit. For instance 
a hamiatite lode in Germany, 5 cm. thick, is without question ore iti the 
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senvse of the study of deposits because in the present position of tlie arts it 
is certainly possible to produce iron on a large scale and with jjrofit from 
hsematite. 8uch a deposit of iron ore would however not be payable 
because with the means at present available to the miner, the ([uautity is 
too small to ])ermit a profitable extracthm even under the favourable 
conditions of communication which exist in (lermany. Similarly, a 
mountain of immnetite in the centre of Africa would rii'htly be regarded 
as ore because th(‘ smelting of magnetite on a large scale and with profit 
is in general possibles Yet, hoivevcr great the (piantity, such a deposit 
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would ncviTtheless not fulfil the conditions of iiavabilifv becaus(M)n ae- 
count of its situation it would be utterly impossible to d(‘liver it to a 
smelting works at a profit. 

The clai^n that from ore it must be possible to produ(u‘ mi'tals or 
metal compounds on a large scale ami with [irolit, postulates a certain 
minimum metal content. Material containing 15 jier cent of iron cannot, in 
however great an accumulation, be regarded as ore, because it is not ])ossible 
by any known metallurgical ])rocesscs to juoduce iron at a })rolit from 
such a mass without the addition of richer material ; there should be at 
least sufficient iron present not only to cover the costs of ore-dressing and 
of metallurgical treatment but to leave something over. The louver limit 
permissible for the metal content wMl differ somewhat for each ])roducing 
district. It may be taken that in (lermany, under jiresent conditions, iron 
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ores must contain at least 25 percent of iron before they can be reckoned as 
ores of that metal. If in the future magnetic sejiaration should develop 
materially, such an advance would be of deciding importance to tliis 
lower limit of content in iron ore. From this it will be realized that 
^ the conception of the term ‘ ore ’ is dependent upon the position 
of the arts of ore-dressing and metallurgy and that, sj)eaking g(‘nerally, 
the lower limit of nietaj content will sink lower and lower with the 
dcvelo 2 )ment of technical processes. In conse({uence poorer and poorer 
masses will come to be included as ore. 

So long as the production of zinc from sphalerite was not undei-siood 
t hat jnineral was not an ore in the scjise here described, though to-day, 
when the metallurgy of zinc has been perfectt‘d, it is the ore most 
sought. Similarly, so long as nickel and co])alt minerals could not he 
ap})lied to the manufacture of ni(*k<d and cobalt compounds on a hyge 
scale, they were not ores, though to-day they are. It follows therefore 
that the ores, in their number also, are variable and dependent upon the 
progress of metallurgy. 

The dehnition here given avoids in the first place the expression 
‘ heavy metals ’ which, since more than one light metal is Jiow pro- 
duced on a large vseale, is no longer apt. Bauxite and cryolite, the 
minerals from which metallic aluminium is produced, are consequently 
important aluminium ores. 

Further, to satisfy this conc(q)tion of the term it is not necessary that 
a metal propcT should be produced. There exist a large number of metals 
for which wlum in the metallic form there is little or no use while, on 
the other hand, certain compounds, usually won as intermediate products, 
are j)articularly sought. For exam})le, from cobalt ores it is not sought to 
produce metallic cobalt but the oxides or some other combination. The 
material treated must, nevertludess, without question be considered as ore. 

Among ores siderite takes a special place, being sometimes regarded 
as ore and sometimes as gaiigue. It is regarded as ore in all iron 
deposits and in all deposits \vhere, occurring with other ores, it W worked 
for the iron it contains. On the other hand, when it occupies a .subordinate 
place in deposits worked for other ores from wdiich in ])reaking it cannot 
be kept separate^ it is not ore but gangue. 

Sulphur-, alum-, and vitriol ores, among others, fall outside the scope 
of the above definition. Sulphur ores are those sulfihur-bearing massc's 
from which sulphur or sulphuric acid can be produced on a larg(i scale and 
with profit. They include jwrite or marcasite as woll as native sulphur 
and rock more or less impregnated with that element. Since after the 
"siilphuric acid has been won from pyrite the roasted residue may be 
smelted, this sulphur ore may also be regarded as an iron ore. The dum 
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ores were used formerly for the production of alum, that is the double 
sulphate of aluminium and the alkalies. If for instance a slate or a 
clay in which sufficient aluminium or alkali be present, contain a certain 
quantity of pyrite or marcasite, then during weathering the double 
sulphate will be formed, which can be leached with water. From such 
a resultant solution either with or without the addition of alkali sulphates, 
alum may be caused to crystallize. Vitriol ores^are those mineral or rock 
masses from which, by simple means, sulphuric acid or ferrous sulphate 
may be profitably produced. To this group belong peat and lignite con- 
taining much pyrite or marcasite, and also those rocks which are impreg- 
nated with these minerals and from which us the result of the above- 
mentioned weathering, ferric sulphate may be leached. Sometimes also 
peat contains sufficient free sulphuric acid to allow it to be classed with 
these vitriol ores. Alum- and vitriol ores are now in their industrial im- 
portance but of historical interest, and in any case they concern the chemical 
rather than the metallurgical industry. 

The lower the value of the metal concerned the higher will be the 
minimum metal content. In the case of iron a minimum of 25 per cent, 
that is 250 kg. })er metric ton, is regarded as the lower liinit in Germany. 
With gold ores 5 grin, per ton suffices under favourable circumstances 
not only to satisfy the definition of ore, but under (‘onditions similar to 
those existing in (lerinaii} to render a primary auriferous deposit 
payable. Similarly a gravel - deposit needs only to contain a fraction 
of a gramme per ton in order to constitute, other conditions being 
favourable, a very valuable gold ore. 

Ferruginous masses whose metal content is too low to allow iron 
to be won from them on a large scale and with profit, may nevertheless 
be applied as fluxes when they contain certain material, such for instance 
as lime, whic.h is necessary for the smelting of other aiul richer ores. These 
fluxes therefore play a considerable part in the metallurgy of iron. Where 
for example iron ore has been formed by the rej)lacement of limestone, or 
where a ^ledimeiitary ferruginous bed passes gradually over to a rock rich 
in lime, it i^ usual to find that, in addition to the rescives of iron ore, a 
large quantity of tins ferruginous flux is jiresent, of which, when estimat- 
ing the metallic iron in reserve, account inust be taken. 

The question of late years whether vivianite, the phosphate of iron, 
was to be reckoned as an iron ore, has been answered in the affirmative by 
the Prussian authorities. 'There can be no doubt however that vivianite 
does not fulfil the conditions imjiosed by the study of ore-deposits since, on 
account of the large amount of phosphorus contained, it is not possible to 
produce iron ona large scale andwith profit from it alone. This decisioncon- 
cerif^ng vivianite has therefore not been made from the point of view taken 
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in the study of deposits, but entirely from that of the mining law. When 
this mineral occurs in large masses it is in consequence of its phosphorus- 
content of some importance in the ‘Thomas’ process, whereby it finds itself 
so closely connected with bog iron ore that its exclusion hy the law from the 
^ number of iron ores might cause serious legal difficulty. In those countries 
where bog ore belongs to the owner of the surface, and this is generally the 
case, the question of the Ij^gal position of vivianite is of no importance. 

The lists of ores usually found in text-books, give generally a sinqile 
enumeration of the various minerals withmit any indication of their signifi- 
cance in the examination and the valuation of ore-deposits. This signifi- 
cance depends not only upon quantity but also upon regular occuiTence in 
those defined depth-zones which result from the processes of decom- 
position and in the formation of whi(;h the level of the ground-water [)lays 
an important part. With steeply iiu*lined deposits atmospheric water 
finding its way to a mass of oi'e into which it sinks. (*auses a re-arrange- 
ment of the originally evenly distributed ore content in sucli a manner 
that, where a complete profile of this mass still exists, there arises near 
the surface an oxidation zone, below this an enriched or cementation 
zone, and then in greater depth the zone of primary oi’e. Considering 
only the relative amount of the s<*condarv and altered ore to the primary 
and unaltered, the latter generally predominates, while it is further 
distinguished from the two se.condary zones by a fairly uniform or at 
least definitely arranged distribution of its metal content. In these two 
zones the migration of the metals occasioned bv chemic^al-geological 
processes is such that in the cementation zone, which is comparatively 
thin, the metal content often of hundreds of metres becomes collected, 
and the amount of metal in a unit of height, say of one metre, in this zone 
is consequently disproportionately greater than in the primary zone. 

The manner in which such atfiiospheric. water brings about the 
j)henomcna of decomposition is discussed in the chapter dealing with the 
secondary de])th-zoncs. To appre(‘iaf<' the. significance of dificrent ores it 
is sufficient at this stage to mention the following points. • 

Like primary ores under like conditions exhibit the same phenomena 
of decomposition even though the genesis of the original ores may be 
different. In the process of decomposition effected by the action 
of the oxygen and the alkali chlorides of meteoric water, oxides, 
carbonates, sulphates, chlorides, and more seldom bromides and iodides, 
of the heavy metals, all of wliich are (diaracteristic of the oxidation zone of 
an ore-deposit, are first formed. Since usually a large portion of the 
original metal content of the oxidation zone becomes removed in solution 
to greater depth and only a relatively small portion in the form of oxides, 
etc., becomes precipitated, this zone is usually poorer than the prinlary 



76 


ORE-DEPOSITS 


zone in so far as gold, silver, copper, zinc, and some other heavy metals, are 
concerned. This metal in solution, after complete exhaustion of the 
oxygen and in consequence of precipitation by reduction, accumulates in 
the underlying cementation zone which usually contains i“i(‘h sulphides and, 
comparatively speaking, large accumulations of noble metals. Although, as . 
will be mentioned later, the oxidation and cementation zones usually found 
with stee}) ore-de})osits do not of necessity alvvi^ys occur, and with some 
ores, magnetite for instance, are generally completely absent, it is never- 
theless necessary when making a valuation of any ore exposure to be clear 
concerning the zone in which such exposure occurs. 

Maiiy metals have indicator ores for the separate zones and in con- 
sequence, when enumerating the ores, it is of inq)()rtance to specify those 
wliich are characteristic of the dilTerent zones and to vstat(' the conclusions 
which the appearance of such ores allows to ])e drawn relative' to ])ossible 
change in the metal content in depth. 

1. (told Ores. 
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The enost important primary gold ore is undoubtedly auriferous pyrite, 
that is a mineral in which the noble metal onlv occurs as an accessory, 
(lold is *lso found associated in an analogous manner vith arse'iiopvrite', 
stibiiite, and chalcopyrite, though Tiot with the sanu' fiecjuency or te) the 
same extent. 'I'hese ores which in their outward appearance betray 
nothing of their gold-content, may b(^ ternu'd possible gold ores; when- 
ever found in any new district they should always be assayed. The three 
first-named are as a rule primary, that is to say they continue below the 
level of the ground-w^ater though often with lower gold content. Auriferous 
chalcopyrite may also be primary but is more oftmi found in the cementa- 
tion zone of gold and copper deposits. Auriferous jiyrite, arsenopyrite, and 
stibnite may also, immediately above the ground- w^ater, similarly contain 
secfitidary gold in considerable amount although they themselves be 
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primary. In such cases the jminary ore, viewed macr()scopicall\y 
differs from the cementation ore only in the matter of its gold content ; in 
greater deptli the primary ore contains only primary gold whereas in 
the eni'iched zone it contains both primary and secondary gold. 

Native (Ioed. Tliis occurs in all auriferous deposits of whatever 
•genesis and whether tluiy be primary or secondary. (Ircat accumulations 
arc often secondary and typical of the cementation zone, rriinary gold is 
found : - * 

(a) As the only gold ore present, andsonietimes in considerable amount, 
in gravel-deposits. 

(b) Witli aui'iferous })yrite in lodes and ore-beds. 

(r) With gold tellurides in lodes wliicli though generally small individu- 
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ally may, when accom])anied by an impregnated zone, possess considerable 
width. 

In the case of gravel-deposits, neglecting the unimportant recent 
deposition which generally makes itsidf evident in crystal faces, i;here is 
obviously no separation of the ore into |)rimary and secondary. With 
other deposits carrying auriferous pyrite and gold tellurides this 
separation however becomes more important. When the complete section 
of one of these deposits still exists, under a poor oxidation zone which 
carries gold sparingly in cracks filled with limonitc or hjematite, such ores 
show a cementation zone which often has a very high gold content even 
though the primary deposit be poor. The gold in this enriched zone, as 
illustrated in Fig. 86, always occurs filling cracks and irregular spaces. 
This mode of occurrence, which is jiarticularly to be seen when the sample 
is made wet, is so characteristic that it establishes a derivation from 4116 
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cementation zone even when there is little iron oxide present, and 
without exception as far as present experience goes it is indicative of the 
cementation zone of any auriferous deposit concerned. It may also 
plainly be recognized even in those exceptional cases where the primary 
deposit itself carries much free gold. The difference between the 
occurrence of the gold m the primary and that in the cementation zone^ 
therefore is not based solely upon quantity but also u])on appearance. 
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Since in the primary zone the quantity of ore is large while the gold 
content is low, whereas in the cementation zone the reverse is the case, 
the determination of the genesis of the free gold is of the greatest 
importance in making a valuation of any deposit. Confusion in this 
matter by young engineers and laymen has often enough causc'd a rich 
secondary deposit, such as would soon give out in depth, to be regarded as 
an^anusually rich primary occurrence which might be expected to continue. 
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The telhirido gold ores, calaverite, sylvaiiite, kreiinerite, petzit(', and 
iiagyagite, form a group the members of wliich so often occur in association 
with auriferous pyrite that in some districts the miners speak of them 
simply as sulphide ores. On account of their dull appearance they are, as 
is to be gathered from Fig. 87, at first not easy to recognize or to distinguish 
•from one another. The number of these compounds of tellurium and 
gold given in text-books has latterly been decreased because of the dis- 
covery that both kalgoorlile and coolgardite were mechanical Tuixtures in 
which the characteristic mercury coiitent was due to the presence of 
coloradoite, the telluride of mercury. ISince that discovery such com- 
pounds of mercury, tellurium, and gold, are no longer considered to exist. ^ 
As the gold tellurides are generally quite dull in appearance an<l greatly 
resemble other minerals encountered every day, such for instance as 



Fk;, SS. — Fie<' gold (ul.ito), c.'irtliy and o| a dull-I.rown cadour, along fiacturoa in Die oodation 
/oiu* nt’ a tt'lluiido lodo in tlic Uoiilder Nortli E\1<*nded. Kalgooilu*. Collection, too/. 
Laittletiti usi.^ Beilin 


chalcopyrite, it is necessary to have at hand some method of quickly recog- 
nizing them, [f a small portion of powdered material in which tellurium is 
suspected, be placed upon a white porcelain plate and then be brought 
into contact with a droj) of hot sulphuric acid placed near it, t^iis acid 
along the line of contact will assume a violet colour similar to that of 
permanganatt? of potash in solution. With those ores however which 
surrender their tellurium less readily, it is necessary to apply heat and 
concentrated acid, which is best done on the clean cover of a porcelain 
crucible. To determine whether a telluride ore is auriferous, is quickest 
done on charcoal with the blowpipe. Since, as seen from the table on p. 80, 
all such ores contain silver, a gold-silver button remains which, when not 
more than 1 part of gold is present to 3 of silver, may be treated with nitric 
acid for the separation of the gold. 

^ Spencer, L. J., MineralogicaJ Magazine, February 1903. 
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I’h.Vhical J'lopertK'h.'-! 
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(a) Upon charcoal in the o\idi/,ing llam<‘ gKos a 

silver-gold button somewhat heavier than with 
calaveiite. 

(b) In glass tube gives a sublimate of telluric m id 


Deciepitati's violently before' the blowpipe, bcimr m 
this distinguishable fiom sylvanitc which it often 
resembh's. 


yteel-giey to iron-black. Metallic 
lustre. No cleavage. ( 'onehoidal 
Iraeturi'. 

8p. Gr. 8 17-0-4. Gryst. 
Syst. - Giihic. In apjiearanco 
gnaitly i(‘S('mbles coloradoite. 


ii oil- black. Gonchoidid fracture'. 
Metallic lustre. No e-leavage. 
Bladv metalhe: streak. 

Sp. Gr. -8 027. 

-tl -2 5. IMassivc. Sei simi- 
liir in appearance tee pct/ito that 
<!hemical tests are ge'iie'rally 
needed tei distinguish one- from 
the other. 


I poll e-hareoal in the oxidi/mg flame giv,'s a small 
I wliite iiie-iustatiem and imparts a slight bhiish- 
peen e-olour to the llanm. With soelnim ear- 
bemate a white malleable buttem results which in 
I nitric ae-id be'cemics a goleien -yellow. C'alaverife' 
and sylvanitc give' a button without the necessity ' 
ot adding sodium carbonate'. 

(a) Upon ehaicoal eom|)lele.'ly voladli/e's with the' j 
formatiem of a white' iimrustation, the flame' I 
being ceiloured an intense' bluish-gre'e'u. 

(0 ill glass tube fuses to a black buttem, gives a 
sublimate' e.if mercury beads and a sublimate 
iiiuch le-ss volatile eif telluric aciel which when 
he)| IS ve'llenv and when eohl is vv lute. With a 
huger |)iece a black sublimate of tellurium is 
alse) obtained. 


Lead-grey. 

8p. Gr.-8 ()7 8 50. 
a 2 5 (5-yst. Syst. Gubic. 


eSimilai te) J.e'tzitev, but white buttem cemiiile-telv 
soluble 111 nitric acid. 


read grey. |>,.rfo,.t oiravage i» ' 
tliiee directions at right angles ' 

Lryst. iSyst. Gubie. 


and tedlurium reactions. 


Hintzc, Lchrhnch Jer Mincniloyir. 

Fbbrulry ‘ "'■'■t"" Australian Tullundo...’ M,„rr„to<,,cal 
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The telluride ‘i^old ores may be divided into two classes according to 
their colour, one being light and tlie other dark. Of the former the 
most important are sylvamt{‘, calaverito, and krennerite, all of which 
have the general formula AuTe., the gold in each case being re})laced 
to a varying extent by silver. Krennerite may contain as much as 39 5 
})er cent of gold, and sylvanite 21 per cent, while the silver may reach 11 
per cent. These ores, which in their chemical composition are so nearly 
identical, may be distinguished by their cleavage. Sylvanite, known also 
as grapluc tellurium, has a perfect cleavage in two directions in consetjueiice 
of which it is (xasy to recognize ; krennerite has an im])erfect cleavage ; 
and calavau’ite is witliout cleavage but has a conchoidal fracture. Among 



Pi(i so. (wliitf) .K s|>t‘cks m Ihf lowoi liall o( tlie illusiiatioii, and as a lilmv 

covcnii.^ m tlu* ujipcr halt , iVom tin* oxidatntn /oik' ot a lode, (liiat Hoiildci Pei- 

se\ i^raiici', Kalgoorln*. Collfctioii, OVa/. hiiul*‘S« nst Ijcrliii. 

the dark telluride ores, tlie most common is petzite which has the 
formula (Ag. Au)/re. With this mineral also a large portion of the gold 
is genoally replace<l by silviu’. Nagyagite in addition to containing gold 
and tellurium, contains also lead, antimony, and sulphur. These two 
dark ores may be discriminated hy the naked eye, petziti* by its con- 
choidal fracture, and nagyagite by the ease with which it splits into flakes. 

The comparatively easy difTerentiation of the light and dark telluride 
ores in the above manner, is comjilicated somew^hat hy the fact that petzite 
shows great resemblance to coloradoite, the mercury telluride, whicii occurs 
frequently in some deposits. Both are dark and lioth have conclioidal 
fracture, but a trained eye will recogniz(‘ coloradoit(‘ by its bionze lustre. 
Also when heated on charcoal liefore the blowpipe coloradoite is entirely 
volatilized while petzite leaves a gold-silver button. Jn the statement on 
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pp. 80, 81, the most important characteristics by which the diilercMit 
telluride <]jold ores may be distin^mished, have been assembled by 
Kinsch from the works of Sj)encer, Jlintze, and others. 

The decomposition of telluride ores in the oxidation zone of d(‘j)osds in 
which they occur, releases free <jrold in very characteristic form, ft appears 
'either earthy and of a brown colour, or m sjaui^y agj^re^ates of extr(*mely 
small and well-formed crystals; or aj>;ain cither as film-like miiuilely 
crystalline coathigs, as bright sjiecks^ or as Hakes, this last condition 
being illustrated in Fig. 81). Free gold with such characteristics as these 
occurs only with the gold-telluride deposits. The brown colour which 
the country-rock a,ssumes as the result of decom[)osition facilitates the 
recognition of the free gold simultaneously liberated. 

The correct reijognition of the oxidation zone of these deposits by the 
above-UKMitioned (characteristics is also of givat importance in making a 
valuation of any paaticular deposit. Jn Western Australia for instance it 
has been the expeihmce that the oxidation zone of tin* gold-telluride lodes 
is prxn-er than the primary, possessing sometnm's only one-half the gold 
content. 7\s wall be mentioimd later when specially describing these 
occurrences, no cimientatioii zone is found with them. 

It is only w ithin the last fewyears that gold-selenide oreshaveattracted 
attention. It has long been known that every telluride ore contained 
selenium more or less, but gold in association W'ith selenium, (iccurring 
in such ([uaiititv as to constitute useful ore-de])osits such as for instance 
those at Recdjang Eebong and at Lebong Soc^lit in Sumatra, is a more n'cent 
experience. In coiisefjuenee of the fineiK'ss m wdiich this ore is distributed 
111 the (piartzose gaiigue at the two mini's meiitiom‘d, it has not yet 
been found possible to determim* exaiTly and in a manner fri'C from 
objection, the nature of this association. 

2. Platinum- and Osniiam Ores. 

Native platinum is oiilv known in tine unaltered condition, though it 
nearly always contains iridium, rhodium, osmium, and ruthenium, with 
some iron. Its atomic weight laiiges biTween 14 and 19 and its [lercentage 
content varies acccordingly. All that w hich has hitherto been warn has been 
obtained from gravel-deposits. It is knowm also to occur in the piimary 
condition, though in unprofitable amount, in magmatic segregations of 
-basic erujitive roiiks. Since the application of metallic osmium in the 
manufacture of electric lam [is native platinum in addition to native 
osmium and osmo-iridium, has been ri'garded as an osmium ore. 

: The arsenide of platinum, sperrylite, JTAs,, occurs only as a minera- 

logical curiosity. The small but constant amount of platinum alw^tys 
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present in nickeliferous pyrrhotite is mentioned more particularly when 
describing those deposits. 


d. Quick silver Ores. 

Oit'-i ( iiciiituil I’c'ii Coiifi'ht 


('innal)iii, stahlerz, l('l)ou'r/, 
korallonerz, ulrialitt', niota 
cinnahaiito 

Quicksilver- totrahodi ite 
Quieksilvoi . 


\ Ill'S, sometimes with more or 
I less hitumeo 


(41 (AL!;,rii or ll^t.SiSh or As),,S, ] 'i 
i 41(Fe. Zn)S(Sl>or As),.S 3 l' / 


S(l 2 m ])ine 
eimuihar 

Uniletermiiied 


The priueijtal ore though it may not always be ])rimary is (|aicksilver, 
which mineral, as illustrated in Figs. 9b and 91, usually occurs in cracks 



Kk; tiO — S})nts ()l (imialiai m Cai kouiterous s.iiulstoiM', the ie>iilt ol liotli poi e-iilline: and 
iiietasoinatK' jephieeineiil, Nikitovka. Hkatemioslav. ( !olleol loii, Gi’o/. /.n inifSit n st., 

and rock port's. Hepatic <[uicksilver, idrialite, etc., whicli are admixtures 
of cinnabar and bitumen, are likewise primary ; (piicksilvei’ tile-ore is 
similarly a mixture of cinnabar and dolomite. Quieksilver-tetrahedrite 
appears chiefly as an important cementation ore above sul])hide deposits, 
though it may also occur to a small extent as a primary ore. C'innabar 
itself, occurs secondary near the surhice of such dtijtosits as carry quick- 
si Iver-tetrahedrite in greater depth. Native cpiicksilver apjiears chiefly as 
an oxidation ore at the outcrops of deposits of cinnabar and (piicksilver- 
tetrahedrite, or immediately at or in the neighbourhood of tbsturbances 
affecting such deposits ; with other metals it forms amalgam. Meta- 
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cinnabarito, which is the black modihcatioii of cinnabar, occurs too rarclv 
to allow any gcjicral statement to be made concerning it. 

It is of importance to bear in mind that the occurrence of cinnabar 



Fi(i 91 - -( (diiik) hlhn,;^ ciiuk'. ni 'I’l luiit.-^toiie. Bccclii lu'av Taiaj^oiia, 

( ’ollcrtioi), J.((ii<li'H<(nst , Ijerliii. 

in the oxidation zone is not sufficient in itself to demonstrate a })rimarv 
deposit, since in <ireator depth cpncksilver-tidrahedrite or some other and 
rar(‘r ore of mercury may occur, ddie occurrence of nativ'e (juicksilv'Cr at 
the surface is attended with tin* same possibility. 

4 . Sihrr Ores. 



Otc-, 

( 'IhmiikmI Ci)iii|»(»sititin 1 

l’('i('<‘nt;me < niilelit 

Ar^a'ntifcrou'^ 
])yi'itf‘, cliah 

eali'iia, sphalei ite, 
oejte, ehaleop} iite 

/, 

Vai iabl(' 

Native mIv er 


Ai; 

72 !){)•!) 

Ar<ientit(' 


Au_;S 

87-1 

Diskiasile 


AysSi) ! 

m 3 94 1 

Ai>('n-.sil\'<‘r 


An;A. ? 


1 FolvbaMti' 


(AyCiO^ShS, 

(U 72, Cu .3- 10 

St(>])}iaiiitc . 


Afr,Sl»S, 

()8-4 

' Ari^enl itcioiis 

fidniliednte. 

l((’ii.Au:„K(‘Zn)S Sli.S, 

to *12, Oil to .18 

j Stiomcvei lie 


" ((diAs^).8 

:i:M, (’ll 'U i 

l^yrar^rynte . 


Ae,Sl)8, 

()0 0 

Frouhtitc* 


AiijAsS., 

()r)-4 

(k*rargyiit(' . 


ArrlM 

75-2 

nromargynte 


AuBr 

57-4 

lodyrito 


Ai^I 

to 4.7 9 


In this statement those ores characteristic of the primary and the 
cementation zones are given first, while those of the oxidation zone are 
placed at the bottom. It is however important to remember that some of 
the first may occur both in the primary as well as in the cementation zone. 

The most frecpient primary ores are argentiferous galena, sphalerite, 
and pyrite ; native silver is primary to a smaller extent, and still less often 
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do tlic other sul])hidos, aiitimonidcs and arsenides, occur in the primary 
zone. The cementation ores are native silver, ar^eiitite, diskrasite, arsen- 
- - . silver, stephanitc', argentiferous 

► " tetralu'drite, pyrargyrite and 

})roustite. The large occurrences 
of the two last ores for instance 
are foipid in greatest part within 
this zone. The ores of the oxida- 
tion zone are C(‘rargyrite, which 
occurs very frexpiently and, 
though in smaller amount, native 
silver. Promargyrite and iodyrite 
are rare and postulate certain 
special influences acting upon the 
primary ore, a subject more fully 
discussed in the cha])ter dealing 
with the formation of minerals. 

Argentiferous galena, from 
which pra(‘.tically two-thii’ds of 
th(‘ (mtirc silver production is 
obtaiiuMl, occurs both as [ij’imary 
and as cementation ore. While 
in the first condition the silver is regularly distributed and assays as high 
as boo gnu. per ton are rarely obtaiiKnl, in the gahma of tln^ cementa- 
tion zone native silver occurs in addition filling, as ilhistratiHl in Eigs. 02 
and 120, all the cracks and crcvic(‘s so that assavs of 10 kg. and more 
are reached. 

In vhnv of th(‘ great difference of metal contimt betwi'en the dillerent 
zones, the correct recognition of the indicator ores is of tlu' greatest 
importance. 


Kin. — Secondirx silver (liiij,ait) ii|)on 

pliines of fioni the (‘einen1.il ion 7one. 


leuvng 


5. Lead Ores. 


( licMiK .il ( 'omposif ion. CfM iMit.iui' I'onfi'iit 


(lalena . 

iioulangerito 
Oounionite . 
Jariicsonitc . 
( ’enissitc 
Aiiglesitr- 
Pliosgcnitc . 
I’yroniorphite 


PbS 

PbsSpiS,! 
(Pb, CualiNb^S,. 
Pb^Sb„Sil 
Pb( d, 
f*bS(), 

f'b,(’l(P(),), 

Pb,('l(A.sOJ, 


I Kb b, Ag 0 o:k 0 1 
\ g(MU‘ialIv 

42 b, ('ll 14 
TiO-K 


on .i 

71 2 
Tfi-K 
bb b 
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In this list also the ores are arranged from primary ores at the top to 
oxidation ores at the bottom. The oxidation ores include j)yromorphite, 
mimetite, phosgenite, anglcsite, and (ierussite. Jamesonite, bontaiigerite, 
and bournonite, are to be considered as cementation ores though in one 
and the same occnri'ence they may also be found in the primary zone. 

• Similarly though the typical ore of the primary zone is argentiferous galena 
that ore, as mentioned under silver ores, may also occur in the cementation 
zone.* * 

If the lead content oidy be considered, then experience in lead 
deposits does not allow it to be said that any material migration of the 
metal content has taken place. The ores in the oxidation zone have still 
a high contcmt while those of the cementation zone are actually ])oorer than 
t-hose that are primary. The recognition of the ores (‘haracteristic of the 
ddferenl- zones is therefore imi)ortant rather on account of the noble metals 
present than because of the lead. 


(). Zinc Otrs. 


OlCN 

( 'In'iiiK .il ( lull 

I^•l( ( (iiitc 

Spliah't it(' . 

(Zii, Im‘, Mm, (M)S 

50 07 

I’ianklmit(' 

(ZnMiOK'.O, 

IS O- 20 

ZinciU' 

ZiiO“ 

72 -SO 

\\'ill(‘inil( 

Zn.,SiO, 

5S 5 

Hcniimoi phit(‘ 

H.Z'n.SiO-, 

54 2 

('alamiiK' 

Ziil’O, 

52 0 

llydi'cv/jncitc' 

ZnCO,. 2Zn(()H). 

00 0 


With zinc ores a dilTerentiation according to gumesis is first necessary. 
While s])halerite appears in deposits of whatever genesis, franklinite, 
zincite, and willemite, are practicallv limited to the contact-deposits, one 
occurrence being illustrated in Fig. bd, leaving hemimorphite, calamine, 
and hydrozincit(‘. lo occur to a larg<‘ extent in metasomatic depc^its. 

The closer study of the metasomatic zinc deposits shows that the ores 
of these are in greater part secondary, as illustrated in Fig. 91, and that 
they represent, as it were, the oxidation zone of deposits often unprofit- 
able in their primary sulpliide condition. They may accordingly be 
regarded as oxidation ores, though it must l)c remarked that in such 
metasomatic deposits the limestone undergoing alteration passes directly 
over to the carbonate or the silicate of zinc. A secondary character to the 
ores named harmonizes moreover with the fact that they are also charac- 
teristic of the oxidation zone of the sulphide zinc lodes. 

Zinc ores may therefore be divided into oxidation and pi*imary tres. 
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F[(i. 93. — Piupury /incite (Pluck) in tlie rontiK t-iiKtiinorpliic limestone ofFiankliii Furnace, 
New Jersey, ('olleetion, (u'ol. lAnulfMi usi., Beilin. 



Fk;. 94, Met.isomutically formed sclnileiiMemle (white with gi-ey .stripes) ulteied, i>.vce}>t for 
some fiugmcnt.s, to .smithsonite. Oxidation zone of the 8ehmtil<fraf mine near Aachen. Collec- 
tion, OVo/, Lunilcsdiisi Jiei’hn 


Typical ores suck as would constitute ti cementation zone have fiot yet 
been observed. 
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7. Copper Ores. 


Oil's. 


j Cii])riferous ])ynt(‘ and |)yi rliotitn 
I Chalcopynti' 

I iSJaiivc copper . 

Clialcocito 
Tctralicdiiti' 
liornite 
Atacainitc 
Azurite 
Malachite . 

('hrysocolla 
Chipritc 
Mclacomti' 

('ovcllitc . 


'lieiniciil (’oinposition 

I’cicent.ii'c ( 'nnteiif 

Variable 

V^ainiLlc 

( hiFcS., 

34 5 

Cu 

to loot) 

Cn,S 

7!) S 

4('ij.,S.“Sb,S, 

30 55 

( ki.^F cS^ 

55 5 

('iirL.:KM(()H)., 

59 4 

2f'ii(TV'u(OI[h 

55 2 

( 'uC(),('ii(()If), 

57 4 


22 4 3(3 0 


S8 S 

Karlhy oxide 

Vkiiiabli' 

CuS 

(id 4 



Fk; 9f). -Priniary native copper (white .'iiid li^dit ^ijiey) lu veins and \esieules m inelapliyre, 
witli epidote and caleite. Lake JSupeiior. FianIJiii mine, Floii^hton Co., Michigan. Collection, 
I. a tide must , Berlin. ^ 
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Cupriferous pyrite, a mechanical mixture of pyrite and chalcopyrite is 
the ore most widely distributed. After this come cupriferous pyrriiotite 
and chalcopyrite ; and then, though more unusual, native copper as illus- 
trated in Eig. 95. Malacliite, azurite, atacamite, chrysocolla, cuj)rite illus- 
trated in Pig. 90, and melaconite, all belong to the oxidation zone in which 
also covellitc and, as illustrated in Pig. 97, native copper may occur, though « 
much more seldom. These ores generally ('ccur as impregnations and 
fracture linings, so that the copper content as a*rule is small, reaching at 



Kk;, 90.-- C’liulcOj>ynt«*, at the junction <>f lli<- oxhI.iIkhi /one wit ii tlio ceiiicntatioii zone, in 
I'l'oce.ss ot ■lecornjjo.sition to eiipnle and nialacliitc. Holiver, Saiitandei, (!ulniiil»i.i. iMa'oiilied 
1 8 tinic> 

('(), Kenii'ls ot f lial( opj nl< , (Iff oiii|)i. sell aiomid oiilliiii'^ , (//), nial.ieliite , ((), eiipntc 

• 

most only a low percentage. 'I’he typical cementatioti ()r^*s are chulcocite, 
chalcopyrite, bornite, and native copper, '^riicse at times occur in hirgt^ 
quantities, a fact particularly distinctive of the cementation zone of 
copper deposits, which zone is illustrated in l^hgs. 98 and 99. The three 
first named of the cementation or(‘s often, and nativt' copper (exceptionally, 
occur as primary tjres. The |)osition occupied hy tetrahedritte has not y(‘t 
been definitely setth*d, experience so far would indicate that it occurs 
more particularly in the cementation zone. 

In conse(pience of the ease with which copper ores go info solution, the 
dec(Knposition of the primary ores and the resulting migration of the metal 
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content are as with gold ores factors of considerable moment, especially 
as the dill:'ereiic(‘s in the metal content of the dilfercnt zones are eciually 


V(‘ ('(»|i]>er .iloii<^ ( lacks iii < 
Kiknclm, Japan, ('ollccln 


iiaicz , Ironi llic oxnl.itiou /.one, Ocai u/a\v.i 
M, L«n<lrs<iiist , Jk-ilm. 




Fn;. 98 — ('lialcoji) iitc, .sliouuiff inaiginal deconiposition, ceini'iitcu throughout pxrito ; 
liom the ceiuentation zone, lllo Tliito. Magnified l.S limes. 

(a), Chaleo])>i lie ; (/)), j)}nte, (0, ealute 

strongly marked. The proper appreciation of the ores characteristic of 
each zone is often therefore of the greatest importance when making a 
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valuation of a copjKU’ deposit. The (piestion as to how deep a deposit 
of rich co})f)er ore may he cx])ected to extend depends a ^ood deal ii})on 
observation of these indicator ores for an answer. 


8. Iron Ores 


( 'IxMlMCill ( ‘<ini|)()slt loti 


f’t'K L'lif .iy:e 


( 'oiitent 


' Magnotit(' 
j Ilienuitite } 

I S])ernlantc f 
Lmiomtc* 

Sidonlo 
(duiinoisitt' . 
j Thiinnjjjiti' . 

( 'lay Ironstone 
lUackliand lrons(oii«‘ . 


2 I‘V,().,. 2 H .() to Fe,()j. H.O 

iM'tr, 

Hydrous ferrous aluininiuin sdieatt* 
H\ (Irons t<'rji<‘ almnimiiin silicate 
Mu'inatite and sideriti' with ela> 
Sideiile with clay and carhon 


72 41 
70 00 

to 00 
4S :i 
2<S 27 
.22 40 


Iron ores, as is to })e seen from this table, maybe divided into oxidized, 
carbonaceous, and siliceous ores. The niost important of them all is 
magnetite wliich, as [)roduced, generally contains 70 })er cent of iron. 
Afterwards follow liaunatite, limonite, siderite, and the silicates. 



Fio. 99. — Bornite, iiietasniiialicallv replacing chalcdpyi ite repK^sonti'd by tlu' lif^lit con* in 
the centie Monte fafini, Vhd di CVcina, 4\iscany. (Jollcciion, (r'co/ Lainh'siin.st,, Ucrlin. 

The oxides and hydrates being very stable are little prone to alteration. 
Although pseiidomorphs of specularite after magnetite and magnetite after 
specularite are known, and also the alteration of limonite to luernatite and 
the Tevt^rse, such secondary action brings with it no important change in the 
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iron content. When oxidized ores therefore are found in workings near tlie 
surface the possibility exists that they will also be found in the primary 
zone. With siderite 
the case is different. 

This mineral in general 
* is limited to the pri- 
mary zone since, as 
illustrated in Figs. 100 
and 10], it tends at 
the surface to form 
limonite or less often 
hauTiatite. Deposits of 
this ore are in conse- 
(pience at the surface 
generally rc^presented 
by limonitt*, the red 
colour of the gossan in 
such cases being due 
not to lunmatite but to the red hydrate. It follows therefore that limonite 
occniTing near the surface may be but tin* oxidation product of siderite 
existing in depth. As the difference in iron content between these two is 



Kl«i 100.- Sulriilc (lij^lit) i):issiii<; over to 
and miuo, lu-ai 

Hi'rliii 



Kid. 101 — Lininuito, I'cpivscnted by llii; daik bi»rdei, lV)rtiie»l I’loni .sub'iite, by llu- 

light c'oiv ; li'oiii tlio oxidation /'ono, Kanisdorf. (Jollection, Ldiidi’saiist,, Ucrlin. 


considerable, there is a possibility that the content of the primary deposit 
will be over-estimated if the limonite found at the surface be not recog- 
nized as an oxidation product. The most general indications of 
secondary character are a porous and drusy structure and the occurr'^nce 
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of stalactites, these being due to the fact that the hydrate occu])ies a 
smaller space thaji the carbonate. The occurrence of limonite as a 
decomposition })roduct of })yrite is discussed on p. 101. 

C4iamoisite and thuringite are also primary ores. 'Phey are seen 
at the surface only in peculiarly favourable circumstances since, as 



Fk; 102,- ( 'liaiiioisiti', lepicMMitcd by tin.* 'l;nk louiid <iue. owa' to liinoiiilc aioimd ih 

l)orde-i> ; trom tlic oxjil.atioii /one, Xiiovic in l{olieini;i ( ’ollei tioii, Lo ikIi'sh ns! , Jtcilin. 

illustrated in Fig. 102, they pass readily to htematite and limonite. This 
tendem^y on their ])art makes it possibk^ that with them also tlie primary 
ore beneath may be ov(*r-estimat'*d, though ns they gtmerallv octuir in 
beds and the residting oxides often retain the oolitic and (‘arthy struc- 
ture characteristic of these ores, there is usually suflicitmt evidence that 
the primary ore is neither luematite nor limonite. 

9. MatHftinrse Ores. 


Orn^. 

( 'lioiiili ;il ( ‘oiiiposil Ktli. 


I’cii Coiili'i 

I’silomolanc 

with Mid), IhU ) or 

l\,o 

!!> ()2 

J’olianite . 

Midt. 


iVA 2 

Pyndiii^itc 



to iVA 




1)2 rt 

Brail ni to . 

(Mil, na)(Mii, iSi){), 


to (iO (i 

Hausmannito . 

Mn ,( ), 


72 0 

Rhodoniti’ 

M nS lO,, 


11 0 

lihodochrosito . 

.Mil 


17 2 

Wad .... 

. MnO.,, iiMnO with 10 Id'*, 


V ariahio 
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It is seen that manganese ores may be divided into two ^^onps; oxides 
and hydrated oxides ; carbonates and silicates. Of the first, psiloinelane, 
polianite, and pyroliisite, are the most frequent while man^ninite, hausman- 
nite, and wad, occur more sparingly, 'fhe ores of the s(‘cond oroup have 
naturally a materially lower metal content than the oxides. 

With the jiossihle exception of wad all the ores named may oeeni‘ in the 
primary zom'. While however rhodonite and rhodochrosite ar(‘ limit(‘d to 
that zone, the otlier ores may also, as the products of these two exclnsively 
primary ores, occur in the oxidation zone. When oxides or hydrated oxides 
constitute the primary deposit, no characteristic ores are formed in the zone 
of oxidation, txicause of the stability of the jirimary ores in those cases. 
Deposits therefore exhibitinj^ these ores near the surface may [)rov(' also to 
contain them in depth ; the jiossibihtv is howev(‘r present, especially when 
the ore is drnsv,that in depth they may jiass to the carbonate or the silicate. 

10. Ahr/y7 Ores. 


OI^^ 


ClUMiilt .il < oiiiposit i(»ti l’(M( ciitaf'i Ooiitciit 


iN |)yi‘l flot it r .111(1 |)\ I lie 
(J.iniUT'itc . . . . 

Pini(‘lit(' 

Sr'hucJi.u'diti' . 

( 'Iild.inl lute 
( u'l Hite 
Xlicolltc . 

AiiUiil)(‘f^nt(‘ 


to T) 0 iiiid more 


II vdioii" IIK kel- \ 

m;iy,n(‘Miim sihe.Ue / 

to 20 0 


\’.u i.ilile 

Ni.ls. 

2 S ] 

XiAsS 

:k'> 1 

iXiAs 

13 0 

Xi.As.O, .SH.O 




h'lo. 103. -I’miL'liti* veins iuinied by iHlfr.il secretion m deeoinpo.seil .serpentine. 
Fiankeii.stem lu Silesia. Collection, Licol. L(tiuk‘sanst.., lieilin. 
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The diflerentiation of nickel ores according to their genesis is more 
important than tliat according to their horizon in any deposit. Garnierite, 



Fi(i. 101. — Hiii.iltite \eiii (il.uk) contaimii^ 
iiu'colitf (dark and Miialtdc (lii;lit K''**' 

and itself contained in dolomite and c,d(,it» . 
Hydroclieniieal filhin;. Colialt, Canada. Col- 
lection, (icol. Ld mh'Minst ,, Beilin. 


pimelite, and schuchardite, are 
hydrous silicates of magnesium 
with very varying nickel content ; 
their occurrence, illustrated in Fig. * 
103, is limited to veins in serpen- 
tine. (.^hloanthite, gersdorffite, and 
niccolite, occur only in normal 
fissures similar to the lead -silver- 
zinc lodes, one such nictkel occur- 
rence being illustrated in Fig. 101. 
Deposits of nickel if ero us pyrrho- 
titc and jiyrite — the nickel con- 
tent of both being due almost 
entirelv to a mechanical tind ex- 
tremely fine admixture of pent- 
landite the sul])lude of nickel and 
iron -occur only as magmatic segre- 
gations in basic erujitive rocks. 
Tdie occurrence of such nickel 
pyrrhotite is illustrated in Fig. 
105. 

(.Concerning relation to the oxida- 
tion and (cementation zoiu's th(c fol- 
lowing may be said. Anna})ergite, 
the hydrous arsenate, occurs only 



Fig. 105. ' Nickid-ji^riliotitc (<l.Hik to okick) and clialc()[)ytit(5 (light gn'>) inagniatically 
separatod in ainidiiholite. OL-rtrudi' nuin^, Sudbury, (Canada. Collection, OVo/. Latu/rsaiisf,, 
Berlin. 


as a filmy coating, the product of the oxidation of arsenide and sulphide 
oro«. Where an oxidation zone exists with a deposit containing such 
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ores, a mixture of iron oxide, manganese oxide, and the oxides of nickel 
and cobalt, is usually found, though as such mixtures are comparatively 
rare it is probable that they require some special circumstances, say large 
(quantities of water, for their forma- 
tion. While among the hydrated 
•compounds containing nickel and 
magnesium no ores are known to be 
limited to any particular zone, it is 
nevertheless the case that under the 


.4U: 




k 


Jfi f . 
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deposit of garni erite at Malaga a 
magmatic deposit of niccolite was 
found, a specimen from which is 
illustrated in Fig. 1 Ob. At Fran ken- . . , ... 

^ lOb. — Niru)lit(! Iiiagiiiatically 

stein in Lower Silesia also, it was scj.arate.l m a mixture ol plagioclaseaudaugiti*. 

recently held that a mixture „f 
sulphide ores might, as the result 

of their decomposition by thermal action, be the source of the silicated 
nickel ore found there. This has however not been confirmed by later 
observation, and to state, that the hydrous nickel silicates in general were 
the oxidized or decomposition products of nickel arsenides, would there- 
fore be going too far. 


1 1 . (AbaJf Ores. 


Clicmaal ( 'oinposil itui I*(M( entajit' ( diitcnf . 


( Johalt-arhenopyrito . 

(KoColAhS 

(i-25 

Cobalt ito . 

CoAsS 

do 4 

Linnauto , 

(C<.Ni)jS, 

Va.nablo 

Skuttoruflito 

( 'oAs, 

20-7 

Snialtito . 

C(»As^ 

28-2 

(*o))altiforuus pyrrliofito and pyriti- 


Low 

Asbolaiio 

1 < 'obaltifVioiis drroin- \ 

V'l ■ ■ bl ' 


\ poMlioti product f 1 


Kiytlinto 

Co,As,()„..SH,0 



I As may be seen from this table the ores of cobalt like those of nickel 
play according to their genesis be sejiarafed into three sharply defined 
groups : first, the arsenide -sulphide ores such as cobalt -arsenoqiyrite, 
5obaltite, liniucite, skutterudite, and sinaltite, which occur in normal veins 
Hid also, as illustrated in Fig. 107, in imjiregnated beds of crystalline 
chist ; second, the oxidized ores, such as asbolane, which, as illus- 
pted in Fig. 108, o(;cur in veins in serpentine ; and third, cobalt- 
Kerous pyrrhotite and pyrite, nliich have their origin in magmatic 
|ifi’erentiatioii. 
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In relation to surface decomposition cobalt ores stand in much the same 
)osition as those of jiickel. Erythrite occurs entirely as a filmy covering 



Fig. 107.- Piinuivy coPaltiti* in schist Irom the Skuttciud mine uenr Modiiiii. 

(’ullcctioii, 0‘{-n/. Lundt'^n Hcilin. 



Fro. lOS. — Asbolaiic (black and d.uk grev) in dcconi]>ose<l .serpentine (white and li^dit grey). 
Portion of an a.sbolane vein from Xc\v (!aledonia. ('cdleetion. (ieol. Lmuieban^l., Peilin. 

over the arsenide-sulphide ores, of whicli ores tlic typical decomposition 
pr^uct in the oxidation zone is a fine powdery mixture of iron and cobalt 



MINERAL CONTENT OF ORE-DEPOSITS 


99 


oxides. This mixture occurs however comparatively seldom, probably 
because its formation appears to depend upon the action of large quantities 
of water. 


12. Chromium Ores. 

Practically the only or^. of chromium is chrome-ii’on or chromite, wliich 
has the composition (Fe, Mg)(Cr„ Al.^, Fe.JO, and usually contains from 



Kk;. loy - Cliioiiiitc (dark) with .s|K*cks of iiKM'olite (while sjiots) in .scrjientiiio at Santa 
(Ic A”uaa, Malaga. (‘oIleMion, O’m'/ Boihn. 

dn’O to 10 per cent of chromium. This ore is characterized by its great 
resistance to atmospheric decomposition in conseipience of which it is 
particularly jirone to occur in gravel-deposits. 


13. Tiu Ores. 


( lu'inical Coinpo.sil ion. J’ereenlage Content. 


( 'as.sit(M it(', including \\'() 0 (l-tin i 7S (I 

Stannitc . . t’ud'VSnS, 27 15 

i Slcinnifcrous pviitc . . . i . ^ 

I ‘ ; _| 

With the exception of wood-tin these ores are till primary, though while 
cassiterite because of its great stability neither forms any secoiuhiry 
minerals nor allows any subsequent mignition of its metal content, stannifce 
and stanniferous pyrite on the other hand appear to undergo changes 
similar to that of cupriferous pyrite, from which changes it is considered 
that wood-tin results. AVood-tin therefore represents the case of secondary 
tin enrichment. 
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Fi(i. 110.— (Jassitcnte (daik) and stainiifcnon.s pjrite (light). IVmuiry oic jioiii the Holivi.ui 
lode.s. Avicaya, North Bolivia, Collection, Ucnl. Landemn^L, Berlin. 



M. Bisinnth Ort'.v. 


Ores. 


Cheiiiii ;il Coin- 
poMtion. 


I'l'H rinauc 
('niitcnl. 


Bisniiithiniti! 
Native bismuth 
iiismito 
Bismiithito . 


B,,S3 

Bi 


. Till/) 


HI 2 
1)5 <)<) !) 
8!) i) 
80 82 


Although up to the present but little has been observed couccrniiu’' 
secondary variation in the deposits of these ores, the manner in which 
they make their appearance indicates that tliere are primary ores which 
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can be distinguished from those more likely to be secondary. Amon^ 
these comparatively uncommon ores bismuthinite is the most frequent, 
and without doubt it is in most cases ])rimary. Rismite and bismutliite 
on the other hand are oxidation ores occurring in greater part as thin 
filmy coverings deposited upon other minerals. 


• 15. AkIi mom/ Ores. 



( 'iuMltli'iil ( '(■iDpo'^e inii. 




71-4 

( ’('rvantito . . . Sl)().> 7!) 0 

Sliblitc . . . . 2SI)(), .11,0 74.5 

Valcntinilc', Seiuvrmoiit ito . ^ 


In tlie case of these ores also, but few observations have been possible. 
The most common primary antimony ore is stibnite, of which stiblite and 
valentinite are the oxidized ])roducts. Cementation antimony ores ar(‘ not 
known although stibnite, similarly to galena., reacts on solutions of the 
n()l)le metals ; for instance it precipitates gold in bright scales from a solu- 
tion of gold chloride. Although therefore no cementation ore may be 
defined in reference to the antimony content, this is well jiossible in relation 
to the content of the noble metals. In such a case the stibnite would 
behave as galena does among tlu^ silver ores. 


If). Arsen ie Ores. 


CliemKal Coiiiposittoii. et‘ic(‘ntajro 


; Lolliriyito 
Arsonopynti' 
j Oi|)imt'rit 
Realgar . 
Native arseiiie 
Arsenolite 


lAA-., 

72-8 

K<AsS 

40 0 

As,S. 

! ao 1 ) 

As,S, 

70 1 

As ‘ 

00-100 

As.O, 



The five ores first named in this table occur as primary ores, though they 
differ among themselves in the manner of their genesis. MTiile arseno- 
pyrite, lollingite, and native arsenic, occur chiefly in lodes, the larger 
masses of orpiment and realgar appear to lie confined to contact-deposits. 
Arsenolite, the one typical oxidation ore, is only of subordinate importance. 
On the other hand it is established tliat arsenopyritc occurs in auriferous 
deposits as a cementation ore with high gold (content. Native arsenic occurs 
similarly in argentiferous de})Osits, exhibiting itself in such circumstance 
cither in botryoidal form or in large fiiiely-granular masses. * 
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17. Wolfram Ores. 


j Ot(*s. 


Chemical ('omposition. 

I’ereentano Conient, 

1 

Wolframite 


mFcW 04 1 iiMnWO,, i 

i 

1 o 75 W ()3 

tScheclitc . 



to 80 WO 3 


Those two equally important wolfram ores, since the more extended 
employment of wolfram steel, have been the object of considerable 
attention. From the above formula it is seen that in wolframite the rela- 
tion of the iron to the manganese varies, a fact which also a})pears to make 
itself evident in the varying colour of the ore ; when rich in manganese it 
appears black, and when containing much iron it is distinguished by 
being brown. Leaving out of consideration the very rare mineral stolzite, 
PbWO^, no oxidation or cementation ores are known. From sigTis of de- 
composition which have been observed with wolframite, which signs consist 
in the formation of a brown crust apparently of ferric, hydrate, it would 
appear however that this mineral is not entirely ])roof against the decom- 
posing forces of the atmosphere and that consecpnmtly it is possible an 
oxidation ore may exist. 


18. Moh/hdennm Ores. 


The only molybdenum ore is molvbdcnite. MoS,, with hO per cent 
of molybdenum. 


19. Uraniion Ores. 


CIkmiik al ('otripositKHi 




I’itcb blende . 
Uranium-ochre 
Copper-uranito 
Caleinm-uranite 


(UPb)2.:jU.,(h, 

Uncertain 

(^i().2(U()„)<). 

( aO. 2(U(K)0. ly);,. 8Hi() 


80-8.5 (U(),)() 
Variable 
fillUO.,)!) 
r.:3(U02)0 


In addition to those mentioned there are other and rarer ores of this 
uncommon metal. As these ores constitute the raw material from which 
radium is produced they have all enjoyed a much greater importance 
since the discovery of that clement. In consetpience however of their 
rarity aiid of the irregularity of their occurrence, very few observations 
rel^ive to secondary alteration have been possible. 
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20. Thorium- and Cerium Ores. 


< lu'inical Composition 


i’lTccntago Coiilciil 


Moiuizite 

'fhorito 


(CV, La, 1)1)1*04 'rii 
j TI1S1O4 but ooiiorally \ 
\ witli water f 


tol8 0 %TliO,an( 131 - 3 (VO 
SI 5 ThO. 


These two minerals, which perhaps can hardly be classed as ores in 
the usual sense of the term since their treatment rests with the chemical 
industry, differ in tlieir genesis. Monazite occurs in minute cpiantities 
as an accessory constituent of granite and also in dykes within that rock, 
this latter occurrence having been noted in South Africa. The useful 
deposits of this ore are however without ex(;eption marine or fluviatile 
gravels. 

Thorite, which occurs generally as minute grains in dykes of pegmatite- 
granite or syenite but also as a cniriosity in the apatite lodes of Norway, is 
now no longer worked for the production of thorium. The orange-coloured 
variety known as orangite and the dark-brown or black variety, being 
weathered and hydrated, do not agree exactly with the theoretical formula ; 
the latter supposedly represents a more advanced stage in this weathering 
than orangite. 

With regard to cerium, there are no important ores worked exclusively 
for that metal because the greater number (yf the thorium ores contain 
cerium at the same time and in the j)roduction of thorium nitrate this 
also is recovered. 


21. Ahnninium Ores, 

Ibiuvito . , Al,()j . 211^0 30 70 

j Um.'.poiiU' . AI3),,IJ3) 30 70 

I i ^ 

Cryolite . . . . | N.i,AIF„ I2 S3 

! _ ' i 

As mentioned when discussing the (hdinition of ore, those compounds 
from which aluminium on a large scale is obtained must, according to 
(.lerman usage, be regarded as aluminium ores. "^Idiose mentioned above 
differ greatly in origin ; bauxite and diasporite are usually alterations 
of limestone in contact-zones and also to some small extent decomposition 
products of different basic eruptive rocks, especially basalt; whereas cryolite 
occurs in lodes in granite. The name diasporite used here for the first 


Clinmr.il (’< 

pOslI Hill 
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time is proposed for a contact alteration product which, as indicated by 
microscopical investigation, consists almost entirely of the mineral dia- 
spore and which contains only half as much waccr as bauxite. The ores 
mentioned are primary and no secondary ores are knowji. 

22. Sulphur Ores. 

I Ol»‘S. 

Pyrito 

I Marrasito . 

I Pyiiliotito 

I ( lialcupyrito . 

! Nativ(' sul[)hui 

It has already been pointed out that although in recent years the 
residues after the roasting of pyrite have l)een used as iron ore, with 
sulphur ores it is the sulphur content and not that of the combined metal 
which is of importance. The sulphur ores may be divided into two groups, 
they are either sulphides such as jiyrite, or they are impregnations of native 
sulphur in rock. All are primary, though chalcopyrite sometimes is 
also secondary. By decomposition the jiyrite loses sul[)hur until at last, 
even thougli a good deal of copper may have been prcvsent originally, a jioor 
iron ore rcvsults, jiractiiailly free from copper. That this iron ore has actually 
resulted from pyrito may be gathered from the corroded ajijiearance of the 
country-rock, such corrosion doubtless being due to the sulphuric acid 
formed at the decomposition of the pyrite. 

11. (Tanouk, Matrix, and Lodestuff 

Those minerals which occur beside the ore in deposits are in England 
included under the term ‘ gangue.' More particularly those which occur in 
lodes form the ‘ lodestulf ’ and those in any other deposit the ‘ matrix.’ 
The most common gangue minerals are ([uartz and chalcedony. AVliile 
formerly the white finely-crystalline masses of silica occurring in lodes were 
without rpiestion taken to be quartz, microscopic investigation — which, 
indebted not a little to the researches of Beck and Vogt, is entering ever 
deeper into the study of ore-deposits shows that a considerable portion 
of the silica in these lodes is in the form of chalcedony or of a mixture of 
quartz and chalcedony. This is especially the case, as illustrated in Fig. 112, 
with banded masses of silica. Opal occurs less often in this connection. 
With large lodes there often appears to be a r(‘gular arrangement of the 
chalcedony near the walls and the quar^^z in the centre. If such lodes be 
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considered as referable to the activity of hot mineral sprin^rs, this regular 
arrangement agrees with tlie results of investigation in the laboratory, ac- 
cording to which cjuartz separates from solutions at a hiiiher temperature 
than chalcedony. Since the country-ro(ik can but have a cooling effect 
upon the solutions the condition of lower temperature favourable to the 
deposition of chalcedony appears to be fulfilled near the walls. 

The appearance of th^ (piartz in ore-deposits is not alwavs the same. 
Sometimes it is milky white, sometimes colourless ; its lustre may be 


a 



Kk;. 112. — Alternating layers o{ (|u.iitz ami clialeedouy from the .seleiiilerous gold lode at 
Kedjaiig Leboug, Sumatra. Magnilicd 14 times. Collection, La ndesan^tt., Berlin. 


dull, or it may be pronouncedly vitreous. The fracture too may be con- 
choidal or, especially when much chalcedony is present, it may be 
extremely fine-grained. Under the microscope, as illustrated in Fig. 113, 
lode quartz shows itself to be an aggregate of irregular and interlocked 
crystal individuals. Should a (piartz lode cross slaty country in which 
older veins of non-auriferous quartz lenses occur, the experienced miner 
can tell at a glance whether any piece of (piartz raised from the mine 
belongs to the one or to the other occurrence. The older quartz is often 
pure white and vitreous in lustre, its whole appearance being described by 
the English miner as ‘ hungry.’ 

Next to silica the carboiiates are the most common gangue mineilils, 
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especially those of calcium, magnesium, irpn, and manganese. These do 
not always occur pure and each by itself, but more often together anc 
in all proportions. Indeed the pr()])ortions between the carbonates of 
calcium, magnesium, and iron, especially in those deposits arising fioni the 
metasomatic replacement of limestone, are so various that practically all 
gradations between those carbonates are represented. Ihe cases in which 
siderite occurs as gangue have already been giv<jn on p. 73. 

Ikrite and fluorite come next in im})ortance as gangue minerals. 



Fig. 11 ‘J. - I.oilo quartz consisting of nniiicrous iircj^ular and intorlookiMl i rystal induiduals. 
C.ditornia. -Ma}.jiiiru‘d 14 tnnc.s. Collrctuui, OVo/ Landi'mnst , Berliii. 

a, Qu.'iit/ III poliii/<‘(l li^tit; <lt‘C()riii)()sHd iiiati'iial 


Both these minerals are also found independently m (le]) 0 ^’its large enough 
of themselves to permit exploitatioti ; but by far their wider occurrence 
is in small amounts in a large number of other deposits. Investigation 
with reference to these two gangue minerals has shown that they most 
frequently occur where two such solutions me.et as contain sul[)huric acid 
and baryta, hydrofluoric acid and lime, respectively. At such a meeting, 
in consequence of their insolubility, they become precipitated, although 
hydrofluoric acid and baryta, the characteristic components of the two 
precipitates respectively, exist oidy in traces in natural mineral waters. 
Tlfc occurrence therefore of barite and duorite in ore-deposits proves that 
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frequency of occurrence is not proportional to the extent to whicli minerals 
exist in natural water, but rather to the extent to which they are insoluble. 

The dillerent gangues may be differentiated aeeordiTi^ to the effect of 
their presence during tlie subsequejit processes of treatment, whether this 
effect be advaiitageous or disadvantageous. In general the miner and the 
metallurgist seek the removal of the gangue by concentratioTi since the 
metal content in the ore ^o be treated becomes thereby correspondingly 
higher. While gangue which is disadvantageous in subse([uent tr(‘atment 
is penalized, metallurgical works gladly accept a certain penventage of 
gangue wliich is advantageous. Large arnounts of silica are never 
welcomed though caiLonates on the other hand may, in those cases 
where other ores are siliceous, be of advantage in fluxing. tSimilarly while 
barite is strongly discountenanced, Hnorite may under certain conditions 
be of advantage because being a good dux it assists tin' smelting. 
In the case of barite an ex(*nption perhaps may be made in the 
treatment of oxidized copper ores. 

111. R()('k Inclusions 

These, the last of the materials forming a conqilete ore-deposit to be de- 
scribed, are the more or less altered portions of the country-rock whicli in 
one way or another have arrived within the mass of the dejiosit. AVith 





Fl(i. 11 1. — I’oitioii of .1 lii},aily contorted Icn-^ of flucaii fioni tlie BujjJtsLidt lode-scrics 
iic:ir Clausth.il, Collection, OW. Landesaust., Hcrhn. 

fissure fillings these are generally picc(‘s fallen from acollapsed hanging- wall; 
with beds they are fragmentshrought with the sandandslime into the ore-body 
by the action of water ; in other cases, as for instance with metasomatic 
d(*posits, they are pieces of the country-rock not yet completely replaced; 
while finally with magmatic deposits they may be pieces of country-rock 
broken and enveloped by the molten mass at the time of its entry. A 
special case of these rock inclusions is that of slaty material termi^d 
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‘ fiucan,’ which, when a lode crosses a slate country often constitutes 
the greater portion of its filling. This material, which as illustrated in 
Fig. 114 consists in greater part of country-rock intensely altered, occurs 
in masses irregularly distributed and disposed, and often having a 
lenticular shape due to the tremendous squeezing to which they have 
been subjected, while they themselves are also traversed by numbers of 
small mineral veins. ^ 

By the tarculation of water al<»ng fissures standing more or less open, 
a portion of the country-rock often fritters away, especially when slates 
preponderate. A c4ay thus arises which settles again, particularly on 
the foot-wall, forming there Ji more or less greasy layer to mark the 
boundary between lode and rock. Such an occurrence as already 
mentioned is described as ‘ gonge.' 


THE STRUCTURE OF OH E-DEBOSITS 

Only exceptionally does an ore-deposit consist entirely of one ore. 
It is far more usual to find several ores occurring together with gangue 
minerals and rock inclusions, as illustrated in Fig. 85. The few cases of 
simple filling are therefore to be differentiated from those which are com- 
plex. The pvrite de})osits of the Huelva district, illustrated in Fig. 115, 



when viewed macroscopically, are such simple fdlings, as also ^ are some 
beds of iron ore. When complex i filling oc(nir 3 , the intergrowth of the 
different minerals, that is the structure of the mass, demands a careful 
study not only in the interests of pure science but also because this 
structure is an essential factor in fixing the necessities which have subse- 
quently to be met in dressing and treating the ore. Tn this connection 
tke following structures are differentiated : 
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1. Irregular (.V)arse Structure 

With this structure, larger and smaller a^grcf^uites of different minerals 
are so irre< 2 ;ularly interwoven that it is not possible from their arrangement 
alone to fix their relative ages. This structure may take its sha])e either jit 
the formation of the deposit or through the subsecpient introduction of 
some of the components.. The gold-hearing solutions for instance to 
which auriferous lodes owe their e.\istenc(‘, generally carry at the same 



Kkj. lit),— ('oaist* iiitei growth ot itjntc (o). (‘lialco|>> iiU* (A), diul quart/ (< ), 
from Boehfggiaiio, Tuscany. Magiiilied 4 tiim s. 


tiiiH' large (piantities of silica. From such solutions pyrite separates at 
poitits suitable to its })reci])itation while at other points quartz is 
deposited, both minerals presenting irregular outlines which betauning 
interlocked produce an irregular coarse structure such as is illustrateil 
ill Figs, llfi and 117. In this structure the gangue minerals and the 
rock inclusions may naturally also takt* jiart. 

The circumstances with metasomatic zinc de[)osits are genetically 
different. In these deposits the jirocesses of replacement, proceeding from 
Iractures and bedding-planes, elfect the alteration of oidy a portion of the 
limestone, the inside cores of the separate pieces often remaining unaltered 
though suri-ounded with ore. Should the shattering of the limestone be l^o 
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completo that a large number of these unaltered pieces appear, what may 



ii7._(V)anve mtcrgiowili of quaitz (A), an«l wolframite (e), witli lithiaiuicai {»). 
Veieiiugte Z^Mtteitekl mine near Zmnwald. ('ollection, (iro/. jAuulesan^t., Heilm. 



p’jj, 1 l<S,— Secomlai> ( oanse iiiteigi 
by sphalerite (ilaik). 


iwth caused by the leplacemenl ot (luartz (light) 
Siegerlaiul. MagnifuMl M limes. 


be termed a see(.iidary coarse intergrowtl) of ore and limestone is presented. 
TUc same appearance is obtained when, as in the case illustrated in h ig. 118 , 
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quartz is replaced by sphalerite. In the same manner an extremely le- 
sistant rock such as })()rphyry may become altered to manganese ore. 

In cases where the components of a deposit having this structure are 
large enough they may be se])arated by hand-sorting, a condition which in 
ore-dressing is regarded as reflecting the most favourable circumstance. 


2. Ranged or (^kustei) Strit(jture 

With this structure, which is particularly characteristic of cavity- 
fillings, the several components of the filling are arranged in la vers or crusts 





Kia. 1 1 0. — A^\ iiiiiH‘1 rical cruslcil .sti iictuiv, light (hilomitc (a), spltalci ite (/-i, pMi'n' (»■), 
liglit dolomiU' (f/), si)lKiloMt(‘ with losc-colounal (loloiiiilc (/'), <|uartz (/). I i miim.'llin,st 
near Freil)oig. Double n.itui.il .si/e. Collection, ^-Ve/. L((iKh\saii.',f , Heiliii. 

and in regular seipience. \Vhen cavities become tilled bv deposition on 
the walls a layc]' lying netirer the wtill is always older tluni one King 
more centrally and u})on the first. This relation m age may often be eon- 
lirmed in lodes where the vounger minerals have obviously grown upoji the 
older. A banded structure however, as illustrated in Fig. P20, may also 
apjicar with magmatic segregations as when for instance pvrihotite, 
chalcopyrite, and ])yrite, occur in layers or streaks arranged jilongside or 
over one another. In such a, case tliere is no growth of younger lavers 
U})on older since all are contemporaneous. It may also even occur when 
only one mineral became segregated, if the bands of that minerfll 







Ku;. 120. — Haiuleil .structurr 
separated by eru])tiv(‘ rock in 
Saxony. Ma;?iiiti(>d 2 5 tunes 


foinied b> niagniatic segiegation. 
wliK'b nests of chalcopynte aie 


Two Ijands oi i>yiitc (bgbt) 
contained. N ledei-Sobland, 


Collection, (it’nl, I.diKh'yiuisf., Heilin, 



Kie yn —Banded .stinctnri- with oie-bed.s. Itabinte tioin Kiivoi Bog, South Rinssia, 
(■oii,sist'ing of altcniatitig beds ol qimiU (light) and haonatite (ilurk). Colleotioii, (/ml. Limdrsanst., 
ilhrliii. 
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are separated from one another by widths of more normal eruptive rock. 
Such an occurrence is illustrated in Fig. 1. 



Kic. 12li. (dai'k) and caliile aii;iii;j,rd in a l)aiid<'d sliiu’tiiie piodiiccd 

repla. <‘iu(‘iit ot < ertain pi'ciiliaily susc(‘ptil»le liiiiestoiie layers. Scliiniedclieig iii Si]('s].i. 
(if‘ol. Lamksanat , B»‘rlin. 


Among ore-beds those known 
as itabirite are, as illustrateil in 
Fig. 121, distinguished by a perfect 




banded structure in which in- 
numerable thin ([uartz layers 
alternate continually with others 
of haunatite. With metasomatic. 
deposits this structure occurs 
when the original limestone was 
deposited in thin layers, some 
of which, probably the purest, 
became afterw^ards selected for 
alteration. In such cases, as illus- 
trated in Fig. 122, the layers are 
alternately of metasomatic ore 
and unaltered limestone. 

This structure may occur in 
layers more or less even, when it 
is known as ordinary or jdain 
? crusted structure, or in concentric 
envelopes, when it is distinguished as concentric crusted structure, 
f^rdinary crusted structure is formed when fissures are filled either 





•runted of 

iti* (\vhitc) in horn- 


Kk;. 1213. - SyinnH'tiic.al 
I'liidcopvi i'k‘ (d.irk) and cal 
ldcndc-s( lii^t (grey) Iroiii Kupfcrl«*jg in Silesia 
One-lial< naliual si/.e. Collection, (icoL Lnii<h'^ 
n/isf., Reilin. 
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the accretion of ore from one wall only, or from both walls at the same time. 
Ill the latter case the dili’erent layers towards one wall correspond with those 
towards the other and a symmetrical structure results in distinction to the 
asymmetrical structure corresponding to growth from one wall only. Con- 
centric crusted structure may be formed in very different ways. It can be 
formed at the filling of an irregular but more or less round cavity when 
concentrated mineral solutions entering from alcove become distributed over 
the inside so that, as illustrated in Fig. 124, the materials crystallize regu- 
larly around the walls ; every layer or crust on the outside is in such a case 
older than the one lying next to it on the inside ; the filling of cavities 
0 (!curring with metasomatic lead-zinc ore-deposits is especially characterized 
by this structure. Or again, when solutioTi drops from the roof of a cavity, 



Flc. 124. — Crnstfd struct art* in a cavity filling in niclapliyrc ; lauinontitcifa), calcito (h). 

Occola mine, Michigan. (!ollcctioii, (real. Berlin. 

the deposition may be in stahxctitic form at the point of fall, with corre- 
sponding stalagmites below if the solution falls freely to the floor ; such 
deposits, as illustrated in Fig. 125, also have in section a concentric 
crusted structure which differs however from that just described in that 
each layer on the outside is younger than the one lying next to it on tlie 
inside. And again, when cavities are jiartly filled with fragments of country- 
rock or when from a solution contained within an enclosed space mineral 
crystals separate and remain loose, younger minerals may be deposited in 
layers around such fragments or crystals ; such coiu^entric crusted ore, 
illustrated in Fig. 126, is known as ‘cockade ’ or ‘concentric ore ’ ; with it 
every layer farther from the centre is younger than one nearer to it, an age- 
relation which is frequently characterized by the crystals pointing away 
from the centre. Finally, in many instances subsequent rcjilacement of 
certain easily altered components of a deposit has taken place. If for 
fnstance the primary ore in spite of an apparent mineralogical uniformity 
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Fk;. ] 2ij.--Coiic(‘iitno cnisli’il «tructine of ni.'iic.'isitf {<(), witli daik- ami lij^ht-coloiiKMl 
scliiilciililemie (/;), Sclimal^n'af mine, ii(‘iir Aaclicii. l-f) (mios less tlian iiattiral ''i/c. ( 'ollcfitioii, 

(•fro/. LdndvKOHst., Hciliii. 





Fkj, 12G.— Concentric erusted stnicture. Fragments of country-rock <a‘mente(l by qnaitz 
and each enveloped in an inner ring of galena (light) and an outer ting of sphalerite (daik). 
Burgstadt lode-sei les, Claiisthal. rollectioii. (Hcol. Lundesausf , Berlin. 

possessed a banded structure, and if the layers similar in material yet 
differing in age, differed also from one another in some physical or chemical 
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property, then in any subsequent replacement only such layers would be 
selected for alteration as were particidarly suited thereto. This can be 
stated to have occurred for instance with the material of the Siegerland 



siderite lodes, where the siderite was originally deposited in layers dihering 
ill colour and in their j-ranular character, so tliat some only were after- 
wards replaced by sulphides. This occurrence is illustrated in Fig. 127. 

^ The difficulty or ease with which ore having this structure lends itself 
to the subsequent [irocesses of dressing depends upon the thickness of the 
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iiidividLUil layers. If these are very thin the entire mass must be crushed 
and the difficulties which then arise are similar to those stated below to 
occur when ore aiid j^an^me are intimately intcr^rown. If on the other 
hand they arc large enough, the structure may allow a separation of the ore 
by hand-sorting. 


‘3. BRECCfATEi) Struoturk 

• 

Fissures and cavities do not long remain oj)en without portions of the 
country-rock falling from the hanging-wall and the sides. Any deposit then 
becoming formed would result from the filling of the interstices between 
these fragments and the resultant deposit might well consist in greater 



Fkj. 128 .— ■Rivcciati'd .sti iictiiic. ol’ aiKosc saiuRtdin* liy sjdialci ile 

(daik) ,111(1 ([iiari/. (la;lil). S( li.uiiiislauil luiti.-, JJlack Foicst. Ono-li.-iH natuial bi/c. (’(.»llc( tioii, 
oVa/. Ijt ndesanst., Beiliii. 

part of fragments of country-rock. Such a structure in consequence of the 
angularity of the fragments is termed ‘ br(‘cciated.' It is illustrated in 
Fig. 1 28. When describing cockade or concentric ore it was stated that with 
this the separate layers were arranged concentrically around fragments of 
country-rock ; in consequence structures intermediate between this and 
the brecciated structure are not infrequent. 

Although brecciated structure occurs most frequently with cavity- 
fillings, it may under some circumstanc.es also occur with deposits of other 
genesis. For instance magmatic segregations may contain numerous 
pieces torn and broken from the wall. When, as is often the case, the angles 
of such pieces have not surrendered to fusion the whole occurrence is one 
of brecciated structure. Such an occurrence is illustrated in Fig. 121). A 
similar structure occurs when a rock prone to alteration, generally 
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limestone, is replaced by ore along cracks and fractures. While 
in the process of such change a compact ore-body represents the 
complete replacement of the limestone, the intermediate stages repre- 
senting incom})lete alteration often, as illustrated in Fig. 130, show 
angular pieces of the unaltered rock remaining. The difference between 
a brecciated! structure thus resulting and the irregular coarse structure 



Fn;. 12i), -Brecciati'il structure. Fi.igmcnts 
of slate torn fioiii the couufry-rock and ciivclopeil 
in a magmatic deposit of jnrrliotitc. Mug mine, 
Norway. Collection, <>c<>L /.(indef^ansf., Berlin. 



Fk;. KjO. -- Bieceiatcd stiuctuie 
formed By tlie replacement of poijdijiy 
along Clacks By hard manganese ore. 
OBerlioI, d'hnnngcn. 1-5 times less 
than tlie natural si/c*. Collection, 
(iro/. Landesdnsf,, Beilin. 


stated on p. 110 to have been similarly formed, is that the fragments 
of the brecciated structure arc smaller and more closely compacted. 
Since with all occurrences of ore having this structure the proportion 
of rock in the ore mined is always considerable, in those cases where 
it is not desired to treat the material as a whole, a careful dressing of 
the ore is necessary. 

4. Dritsy S'I’kiicttuik 


' The mass of a deposit is termed dnisy when it contains many larger 
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or smaller cavities, the walls of which it is usual to find are adoi’iicd with 
stalactites, stalafijmites, or crystals. Such a structure, illustrated in Fi<.(. 
131, may be either primary or secondary. It often proceeds hand in hand 
with alteration. With but few exceptions where alteration has oc(“urr('d, 



Fig. 131. — Primary drusy .structure resulting irom the meomith*te lilling of a Hssure. 
Gluckauf mine, near Velbert, Westphalia. Colleetion, Gt'oL Landesanst., Berlin. 

the newly-formed mineral occupies less space than the one replaced, and 
cavities remain which often have a stalactitic lining. This structure, as 
illustrated in Fhjj. 133, may also arise from the simple leaching; of such ore 
or gangue as is easily taken into solution. The iron ores known as kidney 
and pencil ore, distinguished by a concentric and radial structure, ai^ 
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especially characteristic of deposits with dnisy structure, being in fact 
limited to such deposits. 



1 :]2. — Stalactites ol ps'lninclane cxliilutiiifi: couceiitric scaly stnidiiic. 
Heuloil, Si<‘gorlan<l, (.’ollcctioii, [/(ndesanst , Jlciliii, 



Fi(.. 1.1-1. — Driis\ structure lesulting from llic icmoval of some of tlic original componoutR Fy 
.solution, quart/ icmairiing. Spital Lode, Scheninitz. Collection, (leol. lAnidrsanHt., llcrlin. 

5. (V)MPACT Strccturf 

Under this term is understood that form of intergrowth in which the 
different mineral particles are so small that to the naked eye they apjiear 
inseparably and irretrievably mixed. 'J\) this class belong some mixtures 



MINEEAL CONTENT OF ORE-DEPOSITS 121 

of j^ailena and sphalerite, such for instance as those occurring at Argeleze- 
Oazost near Lourdes on the southern slope of the Pyrenees. Since to 
recover lead when zinc is present is nictallurgically expensive and galena 
containing sphalerite is consequently paid for at a lower rate than wh(*n it 
is clean, this intimate intergrowth of the two ores is decidedly disadvan- 
tageous. For the })roduction of a marketable ])roduct it demands the 
finest crushing of the material so that the whole may be concentrated when 
in the condition of slime, a necessity which brings with it a considerable 
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Flii ];51. -So-ciilled Inowii ore, coiisistiiiff of ■')»li!ilfnte and sid[)|jideh (thnk) 
and boniite (li^dit j naininel.slier:^. MaKHitied 1 1 limes. 

increase in the working cost. Sometimes mdei'd with ordinary wet concen- 
tration it is not possible to aidiieve any result and to effect the desired 
separation it becomes necessary to use one of the magnetic or flotation 
processes. It may even be the case in countries where clean lead and 
zinc deposits are of more common occurrence, that large occurrences 
containing both ores mixed in this manner, are regarded as unpayable. 

The lead-zinc occurrences of Broken Hill in New South Wales also 
belong to the class of compact ores, although the individual mineral 
particles are somewhat larger than those described in the paragrajihs above 
and may even be large enough to connect this class of structure with that 
described as irreirular coarse. * 






Fid. i;j5. — So-culled giey oie, consisting of sjdiulerilc and galena (dark) 
and bornite (liglit). KumnieKberg. Magnified 14 tunes. 



Fig. lud. — JJiusy .stiucturc produced by secondaij ulteiution. Cellular smitli.sonite 
from tlie Schwelm mine, Westphalia. Collection, iiejA. huKksanst.^ Berlin. 
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Microscopic Structure 

Though the macroscopic structures just described liave })eeu fully 
investigated, the application of the microsco})e to the study of ore, on 
the contrary, is still in its infancy in spite of the advantages which 
this method of research undoubteclly possesses. Within late years the 
metallographic microscope Jias been used in the investigation of opacpie 
ores and by its means much fresh information has been obtained. For 
instance the occurrence of pentlandite in microsco])ic proportions iii nickel- 
pyrrliotite has been established, making it probable that the p}rrhotit(‘ 
itself has no nickel content. 

It mav be said as a rule that the microscopic features of ore-deposits 
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Kkj. UU. — l^rusy doposit eoiisf<iueut ii])()n dccoiiipoMtion. Stalactite's ol malachite 
from the Urals, Collection, deol. iMiith’.vnut., Berlin. 


are similar to the macroscopic, and that, therefore the different structures 
just described, namely the coarse struc.ture, the banded structure and the 
brecciated structure, become repeated. In many cases the examination 
of thin slides has a particular importance in that by its means it is often 
possible to determine the relative ages of the component minerals and 
thereby to satisfactorily settle the (piestion of genesis. It may even be 
that safe conclusions relative to the character of the ore in depth may be 
drawn from such an examination. 

Where, as illustrated in Fig. l.‘W, mineral-bearing solutions have made 
their way into the same fissure at diflereiit times and have effected a rejilace- 
ment of some of the material first deposited, the microscopic investigation 
of thin slides will give reliable information concerning the sequence of 
deposition. In another direction, the microscopic structure will often 
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indicate the best line to adopt in the dressing and metallurgical 
processes, or it will assist to explain striking chemical determinations or 
a})parcnt contradictions in analyses. P'or instance a sample of galena with 
abnormally high silver content of which no indication is aiTorded to the 
naked eye, may, as illustrated in Kig. 1‘50, under the microscope show itself 



Fk.. l-lh. -Replaci'iueiit ol' suli-nte :ui'l quait/ cracks liy ''plialciiti'. 

nunc, on the river Laliii. Mapqiilied 15 time*' 


to consist of a mixture of galena and metallic silver, the latter filling the 
pores and fractures of the former. A structure such as that would indicate 
that the galena came from the cementation zone of an orc-di'.jiosit, and in 
itself would give warning that a (juick and considerable impoverishment 
of the silver content below the ground-water level might be expected. 
Again, compact pyrite with a strikingly high gold content may present 
itself under the microscope as a mixture of metallic gold and pyrite, the 
liable metal filling the finest fractures and cracks of the pyrite. Such 
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strikiti^Iy rich ores, cominfj^ undoubtedly from the cementation zone of an 
auriferous deposit, do not continue into depth. And again by means of the 
microscope it may be found that an apparently solid piece of (‘balcopyrite 
does not by any means consist entirely of that mineral, but contains many 
kernels of unaltered jiyrite. The structure thus presented, which would 
very much resemble that of olivine in the process of decomposition to 
serpentine, would indicate tjiat the mass was originally pyrite, the greater 



Fk;. 130. — ■Mctiillic silver while sfu-aks ilepositeU alonj; the eleava^a'- planes of galena {bj. 
Mexico. I\lagnitie(l 18 times. Collection, (icoL Merlin. 


part of which had subsequently become changed to chalcopyrite. Without 
doubt therefore such a piece of ore would have come from the cementa- 
tion zone of an ore-deposit and its co[)per content would therefore not 
be taken as ap])licable to the jirimary zone which at the earliest could 
not be expected till under the ground-water level. 

J^hnally, it must be particailarly pointed out that the different 
structures may occur iu all possible combinations. In a cavity-filling with 
crusted structure each separate layer may show coarse structure, while in a 
deposit with coarse structure a driisy structure may also occur. 
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E. Mitsc'iikkmcu. ‘ I'Lcr du' kiinstlicho Darstollurm d(‘r .MiiK'mlicii aus ihtvii Rostand- 
It'ili'n,’ Al)h. (1. kj;!. Ak. d. Wisstaisch Roilin, 1822 1822 -A. Bukithai! I’t, Dia I’aia- 
jjimc.sis dcr Mnioralo. Eivibcrii. 1841).- A. (iiKi/r. Pyiot^ciit’ti' kull^tll('ll(‘ Miiicralicii. 
Frt'd)(‘l^^ 1857. — K. ('. von Li^oshmid. llutteiuTzouyMiisso utid atukaa auf kiiiistlicfK'm 
We^e Ltobildoto Miiicraliori als Stut/.puiikH' ^coloi^isohor Hypotlicson. SI iill,<fart, ISoS. 

(L Bist'iioF. Loliibufh dcr cliemisfli<‘ii und physikahschcn (jIcoIc^k', I.-III., RSbll-ISOG. 

W. C. Flc’IIS. Dio kimstlich dargostellteti Mineralicii. Jfaaricrii, 1872. — A. 

Etudes syrithctiques do geologic cxp<'‘nmciitalc. Pans, 1871) ; and numerous other pa})era 
from the ’forties,- F. Fol’oi:k kt Michel Lfivv. Syntliese des mineraux et des roehes, 
Paris, 1882. — L. Bouugeols. Reproduction artilieielk^ des mineraux. Parks, 1884. — 
St. Mecnieil Le.s Methodes de syntheso en mmeialogK'. Paris, 181)1. — J. Roth. 
Allgerneine und ehemisehe Oeologie, 1879-1893, — ('. Dolteil Allgemeini' ehemisehe 
Mineralogie, 1890. — F. Zikkel. Lehrbueh dor Petrographic, 1893, I, pp. 437- IT).*!. 

R. Brauns, Clicrnisehe Mineralogie, 1891) — J. 41. L. Voor. ‘Studier ov(‘r slagger,’ 

Bill, till sv. \'et-Akad. Handlingaer, 1884; ileitrage /.ur Kenntnis d(>r (bset/e der 

Mmeralbildung in Sehmcl/mas.sen (’hristiania, 1892.- -A. Laookio. ‘ UIxt di(> Nalur 
der (Hasbasis, sowie der Krystalli.sation.svorgangi' iin eiu])tiven Magma.’ 'I’selKum. Mm. 
u. Petr. Mitt., 1887. — .1. Mokosewicz. Experimenlelle Untersueliiingen ubtu' di(‘ Biidung 
der .Minerale im .Magma. Ibid, 1898. ~1‘. Tschiiumnski . R<‘produetion ail i(i( de 

mineraux au .\lXo sieele (Russian). Kiell, 190.3-1900. F. \\. Clakkk. 'J'he l)at<i ol 

(ieo-Cliemi.slrv I .S. Geol Survey, 1908, Bull. 330. This last largi' work ap])oared toc) late 
to be consider! d. 

Mineral-synthesis has received more particularly tlie attention of the 
French school which includes such workers as Becipicrel, Rc^thier, Daubree, 
Debray, Ch. and H. 8t. Clairc-Deville, Durocher, Fbclnianii, Ray-Liissac, 
iSenarmont, Troost ; and more recently Bourg^eois, Feil, Fremy, Friedel, 
Fouque, Gor^nni, Dantehniille, Lechartier, I^e ('liatelier, Mace, Mallard, 
Margottet, Meunier, Michel Levy, Moissan, Offret, etc. I^arlier investi- 
gators of this subject were Berzelius, Bischof, Breithaupt, Bunsen, Drever- 
rnann, Forchhammer, Fuchs, Gurlt, Dali, Daussmann, Jfoppe-iScyler, 
Koch, Knop, Leonhard, Manross, Mitscherlich, Plattner, Itaminelsberg, 
Rose, Handberger, Vogelsang, Widiler ; while among those more recent, in 
addition to those given above, must be mentioned Backstrbrn, Becker, 
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Bruhns, Brun, Clarke, Friedliinder, Holmquist, Hiissak, Lemberg, Luzi, 
Oetlirig, Pratt, Riniie, Rossler, Hchiilten, Stelziier, Tliugutt, Vator, 
Vernadsky and Weinsclicnk. 

This branch of science has of late years taken a new direction in 
which the greatest importance is laid upon the investigation of the physico- 
chemical laws operative in the formation and alteration of minerals. 
Referem^e may be made to the well-known works by Van’t Hoff and his 
collaboratcurs upon the Tiiinerals of the salt beds, and to the following 
works chiefly concerning the silicate minerals : 

.). H. L. V’ooT. Die SilikatsehmolzloHuii^cn, Chribliania, (Jos. d. Wi.ss., 1!)()3, 1!)04; Theoii 
for isnialt slagg. dern-Kou. Ann. Stoekholni, 1905; ‘ Phv.sikalisch-chemisehe (Im'tze der 
KryHtallisationsfolge m L]ru|)tivgcstoiiu‘n,’ Thchonn. Mni. u. Prtr. Milt.. 1900 and I90H; 
Clx'P anchi-mononiim'i'ali^chc und ancdu-initoktiacdie Kruptivgoslcinr. Cnnstiania, 1908. - 
Arthur L. D v\ ami fellow -workers at tht* ( leophvsical Lal)orat()rv of the Carnegie Jnstit ut(s 
Washington. A series of w-orks, more paitioularly sniee 1905, ii|)on th<‘ pl<igioelas<*-felspats, 
the mineials of the CaO Si(L series ami tetraniorplne MgSiO,, etc. -C. D(5lter. Physi- 
kaliseh-ehcniische Mineralogie, 1905; Dio Pet-rogenesis, 1900. Further ami cs})eeiallv 
sinei' 1902. mnnerous artieles by Dolter and his ])U])ils upon the smelting jioints of mim'rals. 
etc. 

In the following short summary, compiled with great assistance from 
Braun’s (^heniische Mineralogie, the results taken from that work as well as 
those from that of Foiupie et Michel J^evy are not specifically indicated. 

Th(^ study of the genesis of ore-deposits can only be prosecuted with 
any promise of success when the fundamental principles of mineral forma- 
tion are known. For the proper study of these principles there are more 
particularly two means available ; fii’stly, observation of those cases in 
nature where the formation of minerals is proceeding at the moment ; and 
secondly, experiment in the laboratory uiuhu' conditions which give all 
})ossible consideration to those factors which in nature arc active in the 
formation of minerals. 

Mineral formation interests the student of ore-dojiosits in so far as it 
relates to ores and their associated minerals. In general, six manners of 
mineral formation may be differentiated. 

1. (Crystallization from Moi/i’fn Silicate Solitions 

The molten silicate solutions including both the water-free molten 
silicates of laboratory experiment and tlu^ water -containing eruptive 
magmas are, according to Vogt whose presentation of the subject is 
followed, to be regarded in general as mutual solutions of a series of com- 
ponents, these solutions being, when the water combinations are left out of 
consideration, chemically identical with those minerals which crystallize at 
solidification. When mix-crystals, olivine (Mg, Fe).,8i0^ for instance, are 
formed the different components, in this case Mg.SiOj and Fe,8iO^, are to 
be regarded as independent components in the magmatic solution. Crystsfl- 
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lizatioii from mutual magmatic solution follows the same physico-chemical 
laws as that from any other mutual solution, whether that of molten metals, 
of molten salts such as KNO, and NaNO^, or of acpieous solution such 
as that of common salt. When mutual solution takes place colloidal 
solutions not being here included a lowering of the melting-point takes 
place at the same time until the so-called eutecticum is reached. With' 
components independent of one another the sequence of crystallization 
depends in the first place upon the composition of the solution in relation 
to that of the eutecticum. The maximum lowering of the melting-point 
between 11,0 and NaOl is —22'' C., this occurring when the pro})ortion is 
as 23*5 per cent NaOl : 7()-5 ])er cent H.,0, this relation of two substances 
representing the condition of a binary eutecticum. With more water in the 
original solution ice would crystallize first ; with more Na(3 on the other 
hand it is the salt which would first separate. Similarly the eutecticum 
between olivine and diopside exists with 32 jx'r (amt olivine and 08 per cent 
diopside ; with nu^re Mg,Si()^ in the solution olivine would crystallize first ; 
with more C'aMgSi,0^ on the other hand diopside would b(* the first to 
separate. In addition however to these considerations the phenomena 
of supersaturation must be taken into account (‘specially when cooling takes 
place quickly. 

Just as with freezing-mixtures and with metaI-aIl())^s tlie components 
of which do not form mix-crystals with one another, so also is it the case 
with silicates, that the lowering of the melting-j)()int at their mutual 
solution is considerable, ('ompelled thereto by physico-idiemical causes 
which wdl not here be discussial, most of the eruptive rocks approach more 
or less closely to an eutecticum. Thus most granit(\s, cjuartz-porph vri(‘s, and 
liparites, approach fairly closely to the eutecticum between (juartz and the 
felspars ; the temperature interval at the crystallization of these eruptive 
rocks from their magmas is accimlingly strikingly low. It may often 
happen that quartz which fuses at about lf)2r)' C. first begins to crystallize at 
a temp(‘rature of about IKK) 1200’ i\ l^avas from Vesuvius have been 
observed to be still in a molten c(jndition at a temperature of 1 100” (f 

When mix-crystals solidify the laws developed by Roozeboom become 
operative as also among others does that of the decrease in solubility 
with a common ‘ ion.’ 

Experience shows that all silic.ates, fluorides, ferrates, et(\, when in a 
fluid condition, are freely soluble in one another. Thus with magmatic 
segregations of iron ore, eruptive rock is found with all possilile grada- 
tions of magnetite or titano-magnetite content, from less than ()-5 to 99 
or even 100 per cent. 

Among others the following oxidizcal ores crystallize from molten 
Plicate solutions : magnetite, chromite, zinc-spinel, hiematitc, ilmenito. 
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corundum, and under certain conditions liaiismannite, cassiterite, cuprite, 
etc. With regard to sulphides, those having the composition R8 where R = 
Fe, Mil, Zn, Cu, etc., are, within the range of ordinary melting temperatures, 
soluble in molten silicates and especially in those which are basic. 8u(;h 
basic silicates for instance are capable of holding as much as 8 or 10 per 
cent of ZnS or Mn8 in solution which at subserpient solidification would 
crystallize as sphalerite or c^labandite. In a similar manner sulpliides such 
as pyrite, pyrrhotite, chalcopyrite, sphalerite, etc., may separate themselves 
from eru])tive magmas. By experiment it has been shown that tlie mutual 
solubility of silicate and suljihide rises with the temperature and jirobably 
also with the pressure. It may therefore be taken that in highly heated 
magmas and under high pressure they will be freely soluble in one another. 
This question will be more fully discussed when describing the segregat(‘d 
sulphide de])osits. 

The occurrence of minute crystals of metallic (ajp])er in the so-called 
Mur()naglass,andof nickel-iron and platinum in certain basic eruptive rocks, 
indicates that native metals under certain conditions can also be soluble in 
molten silicates. Carbon also is soluble to some extent in highly heated 
slags and in eruptive magmas from which, according to Friedlaiider and von 
Hasslingcr, it may under certain conditions, separate as graphite and under 
otluu's as diamond. The successful production of diamonds by Moissan 
resulted, as is well known, not from the solidification of molten silicates but 
from that of metal carbides Eru[)tive magmas in addition to water 
contain carbonic acid, fluorides, chlorides, etc. Tlu^ water contained does 
not in general (aime by descent from the earth’s surface, but as will be 
mentioned later, it represents a primary increment from the interior. 
With effusive magmas flowing over the surface and eveiituallv solid if ving, 
the enclosed gases and vajiours make their way in greater part direct to the 
open air. With intrusive magmas such as solidify slowly and under the 
pressure of considerable depth, the magmatic, gases or vapours forcii their 
way partly into the neighbouring rock and jiartly into the already solidified 
portions of the magma itself. Such magmatic gases and va|)ours as these 
effect the formation of new minerals and the remodelling of others over large 
areas, so that in the study of ore-deposits they are of great imjiortance. 

2. Mineral formation by Sublimation 

The expression sublimation is often wrongly applied in this connection 
to cases where mineral formation is actually due to gasi's or vapours. 
Strictly speaking, only those processes may be included under this term by 
which an already existing chemical combination becomes first raised by 
heat to the condition of a vapour and then afterwards deposited unaltered 
VOL. I K- 
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at a different place, this deposition resulting either from a lowering of 
temperature or of pressure. Sublimation is therefore nothing but a 
special transference of certain minerals. 

Many minerals can only be sublimed in the absence of oxygen that is. 
in a so-called neutral atmosphere, since their vapours would be strongly 
attacked and decomposed by that gas. For this reason the oxygen in the 
air must be displaced by hydrogen or nitrogen before such minerals as 
sulphur, arsenic, galena, sphalerite, cinnabar, stibnite, greenockite, realgar, 
orpiment, arseni(;al and antimonial acids, and the larger part of the com- 
pounds with chlorine, etc., may be sublimed. In the electric furnace where 
temperatures of 3000^ C. and inore may be maintained, a whole series of 
elements and compounds long considered as comparatively difficult to fuse 
become, as Moissan showed, vaporized, as for instance iron, uranium, gold, 
platinum, and even silica and magnesia. In this furnace also quartz and 
zircon may be brought to the liquid state and even made to boil. Upon 
cooling, the vapours produced crystallize again as the original minerals. 

3. Mineral formation resulting from the degomfosition of 
(lASES ANJ) Vapours by Heat 

The ])hcnoniena attendant upon this process have been fully treated in 
the science of thermal chemistry. A sim])le example of minerals formed in 
this manner is afforded by the re-formation of carbon in the blast-furnace. 
Between carbon dioxide, carbon monoxide, and carbon, the equilibrium is 
expressed by the following foriiUila : At certain 

low tem])eratures tfie one part of carbon separat(‘s itself definitely, h'aving 
one part of carbon dioxide, and the formula becomes 2( '0 FO , -f C. 
Similarly, by heat heavy-carburetted hydrogen becomes scfiarated into 
light-caiburetted hydrogen and carbon according to the formula 
C = Cfl^ -f C. The so-called retort-carbon is formed in this manner. 

d. Mineral formation by the mixing of two Bases 

Numerous minerals which, apart from the possibilities of the electric 
furnace, cannot in themselves be sublimed, may be formed at the mixing of 
two gases. (fay-Lussac, as far back as the year 1823, jiroduced sj)(‘cularite 
by the action of ferric chloride vapour upon water- va})our at a high tempera- 
ture, thus Fe.,(d -f 3H,0 = Fe.O -f bIK'l. 

In this connection the ejioch-making sublimation-syntheses conducted 
by Daubrec in the late ’forties, continue to be freely cited. By the 
action of heated stannic chloride vapour upon water-vapour, this investi- 
gator produced cassitcrite, the reaction being represented by the formula 
8hiCI^ -f 2H.^O = SnO., -f 4HC1. Rutile, crookite, corundum, magnetite. 
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zinc-spinel, etc., may be formed in a similar manner, while the chloride in 
this reaction may also be replaced by a fluoride. If sulphuretted hydroj^en 
be taken in the place of water- vapour, the sulphide ores, j^alena, sjdialerite, 
chalcocite, argentite, stibnite, bismuthinite, as was determined by Dnrocher 
in the year 1851, become formed, thus PbOl., + f r,S — RbS -f 211(1 ; or the 
sulph-antiraonides and -arsenides such as tetrahedrite, pyrargyrite, and 
proustitc, thus 3Ag(d -f 85(1.^ + 3I1^S = Ag.^SbS^ -j- ()H(1. 

Sulphur itself is formed from the interaction of sulphuretted 
hydrogen and sulphurous anhydride, as well as from the incomplete 
combustion of sulphuretted hydrogen, the two reactions being res])ec.tively 
2H ,S -h SO., = 3S -f- 211., 0, and 1 1 .S -f 0 = H/J -f S. 

Finally, sidcrite is formed when the vapours of ammonium carbonate 
and those of ferrous chloride meet, the equation being (NR i)XT). -f Fe(1 , 
FeC0^-|-2(Nir,)Cl. 


5. Mineral formation by the Action of Oases or Vafoeks 
EJ'ON Solid Bodies 

Here the action of the volatiliz(*d compounds of fluorine, chlorine, 
boron, and sulphur u])on heate<l oxides, silicat(‘s, etc., is all-important. A 
whole scries of minerals becomes thereby formed : aj)atite by the })asHage 
of ])hosphoi’ic-chlori(le over heated acetate of lime ; many sulj)hides such 
as galena, argentite, chalcocite, pyrrhotite, ]>yrite, clialcopyrite, etc., by 
the passage of sulphur vapours or sulphuretted hydrogen over heated metals 
or oxides. Wohler, as early as the year 1836, produced pyrite by heating 
iron-oxide with sal-ammoniac and sul])hm‘ ; also a whole number of oxides, 
such as cassiterite, rutile, specularite, corundum ; and many silicates as for 
instance willemite, this latter mineral by the antion of silicon fluoride upon 
zinc-oxide. The mineral orthoclase has long been known to be jnoduced in 
blast-furnaces in those cases where huoi-spar in (pnintitv is added as a flux, 
this fact having been pointed out by Uaussmann m 1810 and by Freiesleben 
in 1831. Quartz, magnesia-mica, and leucite, may also be formed under 
similar circumstances. 

Friedel and Sarasin in 1887 produced good crystals of topaz by heating 
silicon-fluoride at a constant tcmperatur<‘ of 500" V. with a mixture of 
kieselguhr and alumina in the presence of water. 

Many sulphide ores have been produced by the action of sulphuretted 
hydrogen upon metals, or upon solid metal oxides or chlorides. Among 
these argentite may be formed by sulphuretted hydrogen acting upon 
metallic silver, this fact being particularly interesting since superheated 
steam will reduce the argentite to metallic silver again. The horns of native 
silver which, as illustrated in Fig. 140, occur at Kongsberg and have been 
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closely studied by Vogt, have undoubtedly arisen through such a decom- 
position of argcntite. Similarly as was demonstrated by Bunsen and 
Geitner, if iron oxide or basalt powder be long heated under pressure and in 
the presence of S0.„ pyrite is formed. 

Mineralizing Agents. -Elie de Beaumont and H. St. Claire-Dcville 
termed all those substances, such as water-vapour and volatilized fluorine, 
chlorine and boron combinations, which in the ^above-mentioned way play 
an important or decisive part in the formation of minerals, ‘ agents mine- 
ralisateurs,’ which may be translated ‘ mineralizing agents.’ This ex- 
pression as Morose wicz pointed out in 1898, is however not quite apt, 

more particularly because the 

, , O action of the fluorides, etc., 

LitiU' IndlM \U .n^tallic , , , ’ ’ 

must frequently be regarded 

/ /ill ill as catalytic. 

/ j ili The phenomenon of the 

/ ^ I 'ilM formation of corundum, the 

/ ' t. I \\ ; \ crystallized oxide of alu- 

miniuny by the passage of 
V. ^ / hydrofluoric acid and water- 
Va X va])our over the heated 

\ amorphous variety of the 

same oxide, rests upon the 

l-’m no --lln.n. Ol .n.talh.- s.h., ansinj; Irom alumillilim fluoride 

ar^eiititi*. Vogt, Zed. / /iraU. LV(V., 180!», \k 115. 

and water are first formed, 
which reacting between themselves, produce corundum, the two stages 
being expressed in the formuhe : (1) A1,,0., + (illF = A1.,F. -f 311,0 ; 

(2) A1,K, -f 3H,0 = A1 0, (corundum) -f 01 IF. With the completion of 
this cycle the hydrofluoric acid is free to play its [lart again, so that a 
small amount of this acid would serve to produce a large amount of 
corundum. 

Pneumatolysis. All those processes of mineral formation in which 
gases and vapours ])lav an import, ant part, were included by Ihmsen under 
the term ' pneumatolysis.’ In those cases where in addithin to gases and 
vapours aqueous solutions contributed to the result, this enlarged process 
was termed ‘ pneumatohydatogenesis.’ As will be seen however from 
the following considerations, there is often in nature no sharp boundary 
between these two processes. Many gases can be liquefied by the application 


V'ogt, Zed. / firaU. (!ei 


ai ising Irom 

18 in», 1 .. 115. 


which reacting 


of high pressure, though in each case this can only take jilace below a fixed 
temperature which is known as the ‘critical temperature.’ It is thus impos- 
sible to liquefy carbon dioxide above 31'^ G. ; hydrogen-chloride above 52° (J.; 
and sulj)huretted hydrogen, sulphur dioxide, carbon monoxide, chlorine, 
itnd ammonia, above 200° C. Above the critical temperature however the 
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physical differences between the gaseous and the liquid condition which may 
exist at a lower temperature, are no longer found. The critical tem})erature 
of water, 375"’ C., is especially important in relation to pneumatolysis and 
pneumatohydatogenesis. Since above this temperature even under the 
highest pressure there exists no longer any difl'erence between the li(|ui(l, 
the vaporous, and the gaseous condition of water, and as with the gaseous 
processes in nature high tem])eratures must generally be considered to 
have obtained, the ordinary conception of the frecjuency of aepuious solu- 
tions is untenable. Further, with such high temperatures the diffenmee 
between pneumatolysis and pneumatohydatogenesis disaj)pears. 

Mineral formation by pneumatolysis takes place in nature jjrincipally 
around volcanoes. The exhalations of these have been carefully studied by 
Elie de Beaumont, Bunsen, St. Claire-Deville, and Fouque ; while Scacchi, 
Sylvestri, Palmieri, St. Claire-Deville, Heim, Lemberg, vom Rath, Roth, 
Sartorius, Wolf, and many others, have concerned themselves with the 
resultant niinerals, especially those found occurring around Vesuvius, 
Monte Somma, Etna, the island of Santorin, the Laacher See, and in 
Iceland, etc. Those exhalations which consist chiefly of water-vapour 
with such gases as nitrogen, hydrogim, free hydrochloric acid, hydrofluoric 
acid, and silicon fluoride, are termed ‘ fumaroles ’ ; those characterized by 
sulphur combinations are similarly ‘ solfataras ' ; those consisting chiefly 
of carbon dioxide are ‘ mofette ’ ; whih^ finally those with bori(^ acid 
vapours are termed ‘ soflioni.’ It is oidy in but few cases that the e.xhala- 
tions from the magmas of modern volcanoes have formed useful deposits. 
The solfataras are respojisible for occurrences of native sulphur in volcanic 
craters, while the soffioni have formed deposits of boric acid of which the 
best known are those of V^olcani, one of the Lipari Islands, and those of Sasso 
in Tuscany. In smaller amounts chlorides, especially those of the alkalies, 
calcium, iron, manganese, aluminium, lead, and copper, are found on the 
bottom and sides of craters, in the cracks of lava streams, aiid upon the 
bombs ejected. Tin and cobalt minerals occur occasionally, but in still 
smaller amount ; while the oxychloride of co])per and some sulphates and 
fluorides must also be mentioned. 

The intensity with which mineral formation by pneumatolysis may 
pro(;eed in nature, was illustrated by the filling of a crack in lava poured 
out from Vesuvius in 1817. By the action of the ferric-chloride vapour 
upon that of water, this fissure became so rapidly fdled with specularite 
that in 10 days a width of 3 feet was com])Ieted.^ 

Concerning the sequence in which the gases are exhaled from magmas, 
the data collected by Ed. Suess are interesting. From the upper surfaces 

of cooling lava streams the hottest fumaroles, that is those over 500"^ D, 

# 

^ Breithaupt, Paragenesis der Mineralien, 
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are dry, but usually contain compounds of chlorine, IICl, and NaCl, together 
with those of fluorine, boron, and phosphorus. As the temperature falls 
the gases characteristic of the fumaroles likewise diminish, while sulphur, 
arsenic, and carbon dioxide, become more important. With further coohng 
the carbon dioxide coiitinues after the others have failed and is still found 
in exhalations from lava in a very advanced stage of cooling. 

Pneumatolytic Metamokiuiism of the Qountry-Rock. -The gases 
escaping from volcanoes, especially sulphuric acid, sulphurous acid, sulphur- 
etted hydrogen, hydrochloric acid, etc., effect not only the formation of 
minerals in oj)en spaces, but also occasionally bring about an intense altera- 
tion of the country-rock, such alteration being known as ‘ pneiimatolytic 
metamorphism. The sulj)hiiric acid arising by tlie oxiflation of the 
sulphuretted hydrogen as well as the sulphurous acid, attack most 
energetically the neighbouring eruptive rock, tuff, etc., with the formation 
of alum minerals, aluminium sulphate, selenite, etc. ; and it would also 
ap])ear that, at the same time, at least a portion of the silica is removed in 
solution. 

As will be mentioned later in the chapter dealing with th eorigin of ore- 
deposits, one entire grouj) namely that of the tin lodes, is due entirely to 
these ])neuniatolytic processes, this origin having been ascribed to them by 
E. de BeaumontandbyDaubrcM^ as far back as the 'forties of the last century. 
The minerals associated with this group are distinguished by containing 
fluorine or boron, the former in such minerals as fluoiite, lithia-mica, topaz, 
and hiior-apatite ; while the latter is chiefly represented in tourmaline. 
This group of deposits is also characterized by a very definite^ nK'taniorphism 
of the country-rock this in most cases being granite. Bv pneiimatolytic 
processes the felspar and mica of this rock have be(*oine rcjilaced by (juartz, 
tourmaline, topaz, lithia-mica, cas.siterite, etc., until the resultant rock, 
termed greisen, consists entirely of (piartz, tourmaline, topaz, cassiterite, 
etc., and luis an appearance whi(*h has led in more cases than one to it being 
wrongly regarded as a ([uartzite. 

Anotluu- important alteration which some primary rocks may undergo 
as the result of pneumatolysis, is that known as ‘ jirojiylitization.’ This 
alteration is to be observed with most of the gold-silver lodes which make 
their appearance in close connection with young eruptive rocks, and it 
consists in the secondary formation of chlorite, clay material, calcite, 
pyrite, etc. The alteration of the primary eruptive rock is often so complete 
that Richthofen in his time, failing t(i recognize the connection, regarded 
the rock now known to be altered, as a special eruptive rock marking the 
first effusion from the magma ; and he named it pro[)ylite. In addition to 
propylitization it is usual to find with this group of lodes a certain amount 
of kaolinization, the characteristic result of the decomposition of felspar. 
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Pjieimiatolytic processes may also be responsible for the cryolite 
deposits of Greenland, the titaniferoiis lodes of the Alps, the Hcandinavijin 
apatite lodes with their well-defined scapolitizatiou of the country-rock, 
and the fluorine and boron minerals in the syenite-pegmatite dykes of 
southern Norway. 

n. (Crystallization oi; Precipitation from Aqueoc.s Solution 

For the proper understanding of mineral formation in naturiy the idea 
that concentrated solutions are necessary for the precipitation of mineral 
masses in a comparatively short time, must be abandoned. It is better to 
proceed from the idea that weak solutions oidy were operative in the 
formation of ore-dejiosits, and that in most cases these continued their 
activity unbroken for a great length of time. This jirocedure may be seen 
in progress in nature at the present time. 

The mineral-bearing solutions which have to be postulated are, gener- 
ally speaking, none other than the larniliar springs. These Ed, Suess 
divided as follows : ^ 

(u) Sweet s])rings, which flow away at an average ground-temperature 
and which in greater (lart contain ca-rbouates. Suess termed these springs 
which take part in the surface-water circulation, ‘ vadose ‘ springs, to 
distinguish them from those he termed ‘juvenile,’ which represent new 
material brought to the surface from out of the earth’s interior, 

(b) Bitter springs, wdiich difler from the juevious class only by reason 
of their mineral content, which may cause the water to be described as saline, 
iodic, or hittej*. These springs are likanvise vadose and register a medium 
gi'ound-temjierature. 

(c) Natural baths, which are those vadose springs having a higher 
temperature due either to a rise in the underground isotherms or to con- 
siderable difference in height between soun^e and discharge. 

(d) In contrast to these vadose springs there exists a series of thermal 
springs whose temperature does not vary with the season of the year, and 
which must have a juvenile or magmatic source. In spite of the high 
ttMnpiu’ature by which they are distinguished, thevse have not always a 
high mineral content, but may occasionally consist of j)ractically pure 
water. To this class the hottest springs of Europe belong. They are often 
found in direct connection with quartz lodes and sometimes even now they 
deposit such minerals as barite, pyrite, fluorspar, and galena. Examples 
well-knowm and of particular interest to the student of ore-dej)Ovsits are 
those encountered in the Gomstock Jjode and at Rcdjang Lebong in Sumatra. 

(e) (Jeysers or intermittent springs, which are also juvenile and wliich 

^ ‘ fiber heisse QueUen,' Verh. (>es deulsrh. Nalurjurscher und Artze, 1902, I, • 
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may be regarded as connected with the later stages of a previously more 
active vulcanicity. 

Without examining the basis for this classification it is only necessary 
here to call attention to the fact that in nature at all events, no sharp line 
may be drawn between vadose and juvenile springs, and that transitions 
and mixtures of both occur, especially where different fissure-systems meet. 

From these natural mineral-bearing solutions, minerals may be 
deposit(‘d under the following varied circumstahces. 

{( i ) By DissiuATroN of tfte Medium of Solution. — When water 
evaporates the solids contained in it must naturally be deposited. The same 
effect is produced when the medium whereby a compound not otherwise 
soluble is kept in solution, is withdrawn. The present deposition of cinnabar 
at Steamboat Springs in (Vilifornia and at Sulphur Banks in Nevada, de- 
pends u])on the fact that the sulphide of mercury is not soluble in pui'e water 
but only m a solution of alkaline sulfihides. When therefore a solution con- 
taining both arrives at the surface, the alkali sulphide bei'omes decomposed 
by the carbonic acid of the atmosphere and the mercury sulphide being no 
longer solubh' is precipitated from solution. The formation of sulphur at 
many hot springs, as at Aachen, Burgbrohl, and that of orpinient and 
realgar at the geysers of Yellowstone Park, may be similarly ex[)lained. 

It is a n ell-known fact also that many carbonates only become soluble 
in water wdien free carbonic acid is jiresent ; should this substance for any 
cause wdiatever vanish or escajie, such compounds must fall out of solution. 
In this manner tlie carbonates of the alkaline earths, calcium, strontium, 
barium, magnesium, and of zinc, manganese, iron, lead, and silver, may be 
formed. From experiments made by Chr. A. Munster it wuis determined 
that the carbonate of silver is even more readily soluble in water containing 
carbonic acid than calcium carbonate, a fact which may explain the 
frequent occurrence of carbonates, especially calcite, with native silver 
and rich silver ores. 

With all such carbonates the solubility increases with the pressure. 
Temperature occasionally has a decisive influence upon doposition from 
solution. Calcite for instance, crystallizes from a cold solution when the 
solution is pure or when it contains an alkali silicate. On the other 
hand aragonite, the rhombic form of calcium carbonate, is formed when the 
solution is warm or when it contains lead, barium salts, or gypsum. The 
‘ Sprudelstein ’ of Karlsbad, the oolitic ‘ Erbsenstein ’ and the ‘ Eisen- 
bllite ’ of Erzberg in Steirmark, consist not of calcite but of arragonite, 
this doubtless being partly due to the impurities present in the original 
solutions. An important influence of temperature may be observed in the 
deposition of silica from an aqueous solution ; at a higher temperature, 
w^ich according to Dolter’s experiments must not be lower than 180 ° C., 
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and under pressure, quartz separates, whereas under all other conditions 
amorphous silica, opal, and chalcedony appear. 

Iron and manganese only separate as carbonates from solutions con- 
taining carbonic acid when the atmosphere is completely excluded or when 
its oxidizing elTect is neutralized by a reducing agent. Under any {)tlier 
circumstances the hydrate appears or, according to Senarmont, with higher 
temperature, the anhydrous oxide. Smithsonite and cerussite of recent 
formation have repeatedly*been observed to occur in mines. 

When a solution containing the carbonates of calcium, iron, and man- 
ganese, together with silicic and phosphoric acids, etc., loses its carbonic 
acid and at the same time becomes oxidized, the different substances 
separate in a regular order which will be more fully discussed when describ- 
ing the origin of bog- and lake-iron ore. Many zeolites, such as apophyllite, 
natrolite, heulandite, chabazite, etc., have, according to Wohler, Dolter, 
and others, been produced experimentally at t(unperatures ranging from 
125” to 200”. That zeolites originate from hot solutions is confirmed ])v 
their occurrence in nature w'here they are usually found in close connection 
with eruptive rocks or wath lodes which have undoubtedly been filled by 
hydro-thermal processes. 

(h) Bv THK i\lEET[N(^ OF 'iwo SOLUTIONS.— Minerals which are with 
(lifliculty soluble do not take long to become formed and to be preci])itated 
w^hen two different solutions containing their components meet. The 
formation of barite in the Rhine- Westphalian diotrict for instance attracted 
great attention last year in that, even wiiere barium could only be found in 
traces in one of the two solutions, large amounts of barite nevertheless 
became deposited in the pipes and interfered with the wmrking of the 
pumps. 

The numerous springs occurring in Westphalia though all vadose allow' 
themselves to be classified in the following groups, each of which is char- 
acterized by a j)articular acid. The bases are practically the same through- 
out with the exception of barium, wiricli plays a role at)art and occurs 
separately. The ('haracteristic features of the separate groups are : 
(u) and IICI ; {b) CO., in combination, II, SO^, and IICl ; (c) II Cl and 

Ba ; (d) HCi in very small amount and small amount of bases, but often 
much free CO.^. Analyses of the water from the streams in the neighbour- 
hood show that this wxater agrees very well with that of the first three 
groups, which is what might be expected from the fact that where the 
coal formation occupies the surface, these streams are fed from springs 
emerging along fissures. Though the amount of barium is but small 
the formation of barite at the meeting of two solutions containing barium 
and sulphuric acid respectively, is intense. 

Fluorite according to Becquerel, is formed in the same manner by tlw? 
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prolonged contact of two weak solutions of ammonium fluoride and calcium 
chloride resj)ectively. The minerals found in the gossan of an ore-deposit 
and those characteristic of the oxidation zone are also all included in this 
class. Among such minerals are celestine, anglesitc, cerussite, malachite, 
azurite, crocoisitc, pyromorphite, mimetite, libethenitc, cerargyrite, bro- 
marg}U‘ite, iodyrite, etc. With each of these the very minutest tpiantities of 
its components contained in one or other of the oolutions, are sufficient to 
bring about its formation. It juay therefore be said that the fre(juency with 
which a mineral may occur depends not only upon the ((uantities in which 
its components are contained in the solutions concerned, but also u])on its 
tendency to })recipitation and to re-solution. 

It occasionally hap[)ens that when two solutions mingle a reducing 
action arises. In this connection an old experiment by Bischoll is 
worthy of mention, wherein this investigator preserved a sealed mixture 
of sodium sulphate and ferrous carbonate for years, to find eventually 
upon opening it that pyrite had been formed. \\ lien a solution of ferrous 
sulphate meets with another which is auriferous native gold becomes 
precipitated, the result of its reduction from combination. This reaction 
plays a considerable part in the formation of the oxidation zone of gold 
deposits, a suliject more closely discussed in the chapter dealing with 
the secondary depth- zones, it is to this class also that the recent 
deposition of gold in the siliceous sinter of Mount Morgan and of Steamboat 
Springs would appear to bt‘long. 

(c) By till: Action ov Casks i pon Mineral Solutions.- In this 
manner carbonates and silicates among others may be formed. W hen 
free carbonic acid from whatever source comes into (aintact with a solution 
circulating in a fissure and containing a metal the carbonate of which is 
not readily soluble, the formation of this carbonate on a large scale takes 
place however weak that solution may be. Suliihurettcd hydrogen under 
similar circumstances causes the formation of the heavy - metal 
sulphides. 

When these latter arc precipitated under ordinary temperature and 
pressure they are amorphous, wlnu’eas at a higher temperature and under 
a greater pressure, or by slower precipitation, they assume the crystalline 
form. In this way Beiiarmont in 1850, lfec([ucrel, Dblter, M einschenk, and 
others, produced a whole series of crystalline sulphides, such as pyrite, 
pyrrhotite, chalcopyrite, galena, sphalerite, stibnitc, (•innabar, pyrargyrite, 
stephanite, etc. In most of their expuffinents temperatuTvs between 100“ 
and 300“ C. were used, though under favourable conditions some were 
successful even at the ordinary temperature. With some sulphides the 
separation in crystalline form results, comparatively speaking, more (piickly ; 
thus the green crystalline sulphide of manganese, alabandite, often forms 
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one or two days after the addition of yellow ammonium sulphide to an 
ammoniacal manganese solution. 

{(i) Ry Electrolytic Prechttation. — Small scales of metallic silver 
are occasionally found covering native coj)j)er, an occurrence which may be 
explained to be the residt of galvanic precipitation according to the formula 
(Ju 4- Ag,,SOj = Ag, + (JuSOj. Nevertheless by far the greater number of 
the occurrences of native metal, accordiim' to all observations to date, have 
not resulted from elect^’olytic precipitation but have been formed in some 
other manner. It must however be remarked that in regard to mineral 
formation tlie importance of the electric currents streaming through the 
earth’s crust has hitherto been but little studied. 

(c) By TJiE Action of Solid Bodies ufon Solutions.- In the first 
])lace the reducing action exercised by minerals already formed must be 
Jiicntioned. This action comes into consideration more ])articularly in 
connection with the noble metals and others which have but little affinity 
for oxygen ; the lower this affinity the more easily does the metal concerned 
separate in its solid form. The reducing effect of a piece of pyrite, chalco- 
jiyritc, or galena, is for instance sufficient to precijutate metallic gold and 
silver from their solutions ; while meremry, bismuth, copper, and lead, may 
also be precipitated by the addition of a reducing agent sufficiently strong. 

The chemical-geological ])rocesses operative in nature are however in 
general not strong enough to precipitate from aipieous solution tliose metals 
whicb have a still greater affinity for oxygen. Iron and nickel indeed do 
occur native, but almost exclusively as magmatic segregations in eruptive 
rocks and never as precipitates from aipieous solution. Blatinum, a noble 
metal, afipears to occupy a singular position in that it has never yet been 
found in deposits originating from aqueous solutions, but exclusively in 
magmatic segregations. The explanation of this will probably be that 
platinum only veny exceptionally goes into solution, while the other noble 
metals are comparatively much more r(‘adily soluble. Bold for instance 
may be dissolved in aqueous solutions of ferric sulphate, sodium silicate, 
sodium carbonate, sodium iodate, or it may be taken up in chlorine-water. 

According to experiments by Sk(‘y, Ne.wberry, Liversidge, and more 
recently by Minister, Johannsen, Stockhausen, and Krusch, all the natural 
sulphides such as pyrite, sphalerite, stibnite, chalcopyrite, galena, etc., 
precipitate gold and silver in a relatively short time from any of their 
solutions, while millerite precipitates bismuth from its suljihide solutions. 
In these experiments it was seen that with concentrated solutions the gold 
precipitated was often brown and earthy, while the silver precijiitate was 
flocculent. The weaker the solution and the longer the time taken, the 
greater the resemblance of the precipitate to the actual occurrences in ore- 
deposits. The metallic gold, silver, copper, and perhaps also the bismirth 
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found in the crevices and cracks of galena and other sulphides in the lodes 
at Schneeberg, may in this way be explained. Such occurrences as these 
appear particularly in the cementation zone above the ground- water level. 
The mineral-bearing solutions formed by the action of the atmosphere 
upon deposits coming to the surface, continue their work of decom})osition 
into depth only so long as the oxygen and the atmospheric salts are not yet 
consumed. As soon as this is the case the sulpnides in the deposit act 
reducingly in the manner described above, and gold, silver, and coj)per, may 
be deposited in amounts which in time might become considerable. 

Not only the sulphides but also the metals themselves may behave 
reducingly towards others in solution ; in such cases the metals of higher 
affinity for oxygen precipitate those of lower affinity. In other cases the 
action of carburetted hydrogen, bitumen, or of ferrous compounds, suffic(‘s 
to precipitate metals having a low affinity. Jii this manner metallic copper 
is found on rotten mine timber ; or together with metallic silver, along the 
bedding-planes of the well-known bituminous Kvfjerschiefer ; or along the 
cleavage-])lanes of hornblende, etc. At Kongsberg also, metallic silver 
occasionally appears along the cleavage-planes of anthracite and garnet. 
The occurrence of metallic lead in the manganese deposit at Linigban in 
Sweden is regarded by Ilamberg as a precipitation by means of arsenic acids. ^ 

Not only metals but metallic sulphides also may be precipitated by 
the reducing action of organic substances or of sul])hides ; })yrite for 
instance is frequently found uj)on timber in old workings. In this con- 
nection an experiment of Ochsenius is interesting. A piece of Hint placed 
by this experimenter in a peat bog quickly became covered with a thin 
layer of pyrite resulting from the reducing action of the ])eat upon the 
ferrous sulphate present. Marcasite and sphalerite can also be formed in 
this manner. 

The precipitation of sulphides and of sul})ho-salts by ohh‘r sulj)hides is 
of especial inq^ortance, because, in addition to the ordiiiarv sulphides, 
pynte, marcasite, galena, and sphalerite, the eagerly sought rich sulphides, 
bornite, chalcopyrite, and tetrahedrite, etc., may be formed in this way. 
As mentioned when considering the native metals, these sulphides, generally 
speaking, are always found where the surface waters have been m a position 
to effect the decomposition and alteration of an ore-occurrence. An interest- 
ing example of the formation of galena is afforded by a de})osit in Missouri 
where fairly coarse galena occurs cementing and encrusting the fossil bones 
of Mastodon and Elephas. No less interesting are the crystals of f)yrite, 
sphalerite, and chalco{)yrite, which arc often to be observed within the air 
chambers of cephalopods. The secondary formation of minerals upon old 
coins is another instance of the action of solid bodies upon solutions. 

* ‘ Zeit, f. Kristallogr. u. Mineralogie, Vol. XVII., 1889. 
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Many oxides and hydrates may also be directly precipitated from 
solution, as for example limonite, manganite, haematite, the arsenical and 
aiitimonial oxides, and cuprite. According to Friedel, corundum and dia- 
sporc are similarly precipitated at a temperature between 400° and 500° C. ; 
and according to Rruhns, magnetite and ilmenite at 300° C., after the 
addition of some fluoride. This fact, especially in so far as it relates to 
magnetite and ilmenite, is^im])ortant, because it indicates that these two 
minerals which it is customary to find as magmatic segregations or in the 
form of ore-beds, may also occur in lodes. 

(/) By the Action ok Solutions upon Minerals. -The formation of 
minerals in this manner is generally speaking, found to occur with 
contact-metamorphism, pressure-metaniorphism, and the processes of 
weathering. Of all the changes which take j^lace in these diherent 
j)rocesses, the most interesting to the student of deposits is the rearrange- 
ment of the heavy-metal compounds to form new minerals. 

(r/) (Jonfart-mefaniorphism. -Hot magma exercises in the majority 
of cases great ])hysico-chemical action uj)on the neighbouring rocks. The 
zone subjected to this action having its boundary more or less parallel to 
that of the solidifying mass, is known as the ‘ contact-zone.’ Jamestone 
rocks within this zoTie be(;ome altered to a product (piite difTerent from that 
resulting from the shales. Where earthy limestone originally existed the 
calcareous constituents become altered to white crystalline marble, while 
the argillaceous material crystallizes as garnet, vesuvianite, sca])olite, augite, 
hornblende, epidotiy etc. It is generally ac(;epted that such a recrystalhza- 
tion is brought about by hot solutions or steam escaping from the magma. 
The original limestone bed and the resultant marble generally show the 
same chemical c.omposition. In many cases howeveu- an accretion of 
material took place, this accretion being generally in the form of heavy- 
metal compounds ; where these were deposited in sufficient amount 
ore-deposits resulted, such being known as coiitact-metamorphic deposits. 
It must again be pointed out that the expression ‘contact-deposit’ 
is unfortunately even to-day applied a good deal to occurrences having 
nothing to do with contact phenomena, but which by chance occur along 
the plane where two rocks come in contact. This wrong use of the term 
should in all reason be avoided. 

Finally, it may also be the case, that within the contact-zone an ore- 
deposit exists which was already present from the beginning and which, in 
common with the country-rock, suffered subsequently all the alteration 
imposed by contact-metamorphism. In such cases it is at times difficult 
to distinguish between an occurrence of pure contact-nietamorphic char- 
acter and another which, present from the beginning, has only had its 
character obscured in the subsequent turmoil. 
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(b) Pressure-melamorpliism. — At those places of the earth’s crust 
where in consequence of a horizontal pressure an intense compression and 
plication of the originally horizontal beds took })lace, the rocks are often 
profoundly altered. Tn many cases this alteration has proceeded so far 
that the rock resembles the oldest crystalline schists, though distorted fossils 
present may indicate that the beds are younger and I’eally of Palaeozoic or 
Mesozoic age. Such a complete recrystallization of the original material of 
the rock has been brought about by pressure and the heat thereby })ro- 
duced, which being conveyed to the weak solutions held within the rock or 
circulating witliin its fissures, has given these a greater power of solution. 
Were any deposit pre-existent within this rock complex, this must also have 
become altered, and in a manner dependent upon its original nature. Were 
it a bed of siderite, an alteration to magnetite or haomatite would be 
most likely. In considering the genesis of deposits umhu* such circum- 
stances, the re-formatiou must be distiTiguished from the original formation. 
The re-formation of iTiinerals resulting from pressure-metamorphism may 
be distinguished from that occurring in the contact-zone by tfie different 
minerals present as well as by the structure, though where both classes of 
metamorphism were active at nearly or at exactly the same time these 
distinctions lose much of their force. 

More recently it has been endeavoured to explain the alteration 
resulting from pressure, upon physico-chemical lines. We refer to Dw 
krktallinen Srhiefer l)y U. Grubenmann, and to several works by 
F. Becke. 

(c) Mefasonialic Alteration. Minerals formed in this manner, like those 
arising from contact-metamorphism, result from the action of solutions 
upon already existing minerals. Tn this j)rocess of alteration one minute 
particle after another of the old mineral goes into solution, this solution 
then reacting with that containing the germ of the exchange in such a 
manner that a new mineral of different chemical composition becomes 
deposited. For instance, if a solution of ferrous carbonate act upon calcite, 
the change of the latter to siderite proceeds bv its gradual passage into 
solution from which it precipitates solution ferrous carbonate. Beccpierel 
as early as 1852, proved that calcite precipitated lead carbonate from a lead 
nitrate solution, this same reaction when a longer time was taken, resulting 
in crystalline ceriissite. Similarly, smithsonite would result from a zinc 
solution; malachite and azurite from a copper solution; siderite and rhodo- 
chrosite from a solution containing bouh iron and manganese, if air were 
excluded. Sorby also produced siderite by treating cjilcite with a solution 
of ferrous chloride. The jiroccsses however by which masses of slate and 
diabase are altered to iron ore, and por})hyry into manganese ore, arc more 
ct>mplex. In the latter case the lode-like manganese deposits on the 
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north side of the Thlirin^er Wald exhibit a transforinatiofi so complete that 
only the quartz of the original rock remains imafTected. 

Nature works generally with relatively weak solutions acting through 
long periods of time, so that in the end the result is })roporti()nal to the mass 
of the solution. The law of mass-action asserts itself especially in these 
processes of metasomatis. If large (juantities of a solution of calcium 
carbonate act upon barium^sulphatc, this latter becomes changed to barium 
carbonate ; or vice vensa, large quantities of (;alcium sul})hate solution 
gradually change barium carbonate to the sulphate. It was from suc4i an 
experiment as this, HaSOj -f Na,(!()^ = solution, that (Inldberg and Waage 
started out upon their study of mass-action. Such reactions as these 
established in the laboratory, are often to be observed in nature, for 
instance the change from barite to witherite and conversely that from 
witherite to barite. To such metasoma, tic change limestone and 
dolomite are more susceptible than all other rocks. From these two rocks, 
in addition to the case of siderite which has already been mejitiojied, 
several heavy-metal sul|)hides and especially those of lead and zinc may be 
formed ; it is indeed in this manner that many of the known lead-, zinc-, 
and iron deposits have arisen. 

Resides such occurrences in which the ore is almost exclusively formed 
by metasomatis, other aTialogous alterations take place to a subordinate 
extent in the formation of all useful ore-deposits. The 0(;cuiTences for 
instance described on p. Ill and ascribed to contact-metamorpliisin, 
originate by an alteration of the limestom^ in a manner closely related to 
metasomatis. The dillerence in faet lies only in the source of the solutions, 
though, in addition, with contact-nK'taniorphism the crystalline form of 
the original limestone is less often preserved than with metasomatis. 

The occurrence of subordinate meta, somatic processes may also be 
substantiated in many lodes. In the tin lodes of (Virnwall for instance, 
crystals of cassiterite are found as pseudomorphs after fels})ar, which 
pseudomorphs, though produced by pneumatolytic action, must neverthe- 
less have been formed by a procedure analogous to inetasomatis. In the 
characteristic; greisen zone usually found accompanying these lodes when 
in granite, the newly-formed minerals often maintain the original shape 
of the constituents of the granite, a result which also must have been 
effected by a procedure analogous to metasomatis. With propylitization 
described on p. 131, similar features jirescnt themselves. Even in those 
cases where to the naked eye little alteration of the country-rock along the 
lode may be noted, the microscope will often show that considerable changes 
have in reality taken place. Such changes as these which more generally 
consist in the formation of sericite, chlorite, quartz, etc., arc always more or 
less closely connected with the formation of the ore now found filling the 



144 


ORE-DEPOSITS 


fissure. It is stated by some American authors that the extent to which 
these newly-formed minerals occur is characteristic of the different classes 
of lodes, and a classification based upon the alteration of the country-rock 
has even been proposed. 

(d) Weathering and other Processes of Alteration. -In many cases it is 
not necessary that the mineral undergoing change shall in its entirety 
be brought into solution. Quicksilver-tetr^hearite for instance may 
apparently be changed into cinnabar by the removal of As.,S^ or Sb.,8,, 
probably by means of alkaline sulphides. 

If an alkaline sulphide act upon metallic silver, argentite is formed ; 
pseudomorphs of this latter mineral after the former may even be observed. 
Similarly, cop})er may be converted into cuprite, malachite, or azurite. 
With those noble metals however which are more inert than silver, 
as for instance gold and })latinum, such changes as these do not a})pear to 
be known. The native gold found as a secondary deposition from tc'lluride 
ores has been formed by the removal of the tellurium, which removal has 
doubtless been caused by atmospheric agencies. The occurrence of native 
copper in pseudomorphs after cuprite is attributed by Knop to the action 
of a weak acid which, from the cuprite, Cu/3, took CuO, leaving the copper 
as metal. In addition pseudomorphs of copper after azurite occur, and 
of silver after pyrargyrite, proustite, stephanite, etc. 

Sulphide ores are readily changed to sulphates, oxides, hydrates, etc., 
by mineral solutions of an oxidizing character ; or into carbonates by the 
action of waters containing carbonic acid. Pseudoinorphs of limonite after 
pyiThotite and pyrite, have been formed in this manner ; of lead sulphate 
and lead carbonate after galena ; and when phosphoric or arsenic acid were 
present, of pyromor])hite and mimetite after galena. 

This class of mineral formation is characteristic of the oxidation zone 
of ore-deposits where the formation of oxides and carbonates, through the 
decomposition effected by the oxygen- and carbonate-containing water of 
the atmosphere, may be observed on a large scale. The decom|)osition of 
chalcopyrite, (-uFcS.„ is ])articidarly interesting. Usuaily limonite is 
formed while the copper content largely becomes carbonat(‘ or oxide, both 
the copper as well as the iron then remaining in situ alter decomposition. 
Where the copper is completely removed, the iron, in the form of limonite, 
remains alone. More rarely however chalcopyrite may decompose to 
covellite which remains, while the iron content in thatcase becomesremoved. 
Equally rare is the formation of copper silicates, such alterations as these 
depending upon more complicated reactions. Bismuthinite and bismuth 
by weathering change to bismite ; stibnitc to valentinite and senar- 
montite ; cobaltite generally to erythrite ; the sulph-arsenides of nickel to 
annabergite, etc. 
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Sometimes a reduction of the oxides even to metal has taken place. 
Thus, as mentioned above, pseudoniorplis of native copper al’ter cuprite 
may occur. By the action of gases or solutions specularite may become 
reduced to magnetite, a reduction which at a somewhat raised temperature 
requires but little of the reducing agent. This latter change is exemplified 
at Oriingesberg, where along the dykes of ])egniatite-granite the specularite 
has been altered to magnetite. 

More fre(]ucnt however than reduction is the advance of an oxide to 
a higher state of oxidation, or the transformation of oxides to hydrates 
or carbonates. Rseudomorphs of Inematite after magnetite are <piit('. 
frequent ; Inematite often (ihanges to limonite, cuprite to azurite. With 
two or more carbonates of one metal distinguished by differences in the 
amount of water they contain, weathering may produce pseudomorphs of 
these carboiiates after one another, thus malachite after azurit(‘,and aziu ite 
after malachite. 

Hydrates and carbonates often surrender th(*ir water or carbon dioxide. 
ILematite has in this way often been formed out of limoniti^ and out of 
siderite. In Siegerland it has been observed that the pseudomorjihs of 
hamiatite yfter siderite exhibit the same volume as the original material, 
which could only be possible when the solutions ejecting the oxidation 
introduced an amount of iron at tfie same time. Pseudomorphs of pyro- 
lusite and psiloinelanc after rhodochrosite are also known. 

In special cases, as for instance in the Rocky Mountains and at 
Broken Hill, silver ores are changed to chloride, iodide, or bromide. 
While the formation of the chloride in view of tlie frequency of sodium 
chloride in atmospheric water is not remarkable, the associated of‘currences 
of the iodide and bromide are more striking. Such alteration in many 
cases is referred to the action of sea-water or of mother-liquors, and pro- 
bably rightly so in view of tiie fact that the two-thousand-year-old 
slags of Laurion in (freece now, as the resulr of the action of sea-water, 
present the formation of laurionite, PbLlOIi. 

The change of smithsonite to hemimorphite and that of ('opper ores to 
chrysocolla is fairly frequent. 

In addition to all the processes of mineral formation wliit'h have been 
mentioned there are others which have either not been studied at all, or 
only studied superficially. In this connection investigation at very high 
temperatures such as have till now only been reached in the electric, 
furnace, is particularly lacking, though experiments made under such 
conditions would doubtless reveal many new facts. Similarly, mineral 
formation under great pressure such as must obtain when crystallization 
takes place in fissures at great de])ths, has likewise received little attention. 

It must here be remarked that one of the chief results of the investig^- 
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tion of mineral-synthesis is, that one and the same mineral may be formed 
in very different ways. Many sulpiride ores may arise by differentiation 
from molten silicate maj^mas, by pneumatolysis, by the reaction of gases 
and vapours upon one another, or finally by })recipitation from acpieous 
solution. The production of a mineral by a certain chemical process does 
not therefore justify the statement that this mineral in nature has always 
been formed in that particular manner. In the investigation of the forma- 
tion of ore-deposits therefore, the chemical-mineralogical point of view 
alone is not determinative, but in order to decide the manner in which in 
each case a particular mineral was presumably formed it is necessary also 
to consider all the geological factors. 
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The earth’s mass consists of : 

1. The gaseous envelope, or the Atmosphere. 

2. The liquid envelope, or the Hydrosphere. 

3. The solid crust, or the Lithosphere. 

1. The interior, the J'yrosphere or the Barysphere. 

Estimates of the average thickness of the crust have been made by 
comparing the rise of temperature in depth with the rise in the melting- 
[loints of the minerals under pressure. The results thus obtained 
vary between 10 and 150 km. Vogt in his most recent work ^ estimates 
between 60 and 80 km. 

According to the view generally accejited, both pressure and tempera- 
ture gradually increase towards the centre of the earth. The conclusion 
may consequently be drawn that in the interior the critical tcnqieratui’e of 
all compounds, by reason of intense heat, will long be passed, though, 
according to Arrhenius, on account of the tremendous pressure the material 
there present will exist in an extremely viscous condition which he describes 
as that of gases compressed to be as rigid as iron. 

The average specific gravity of the entire earth is about 5-6, while that 
of the solid crust is only 2-7 or 2*8. It is therefore justifiable to consider 
that the specific gravity of the interior must be something more than 5-6. 
This high figure it is sought to explain by assuming the heavy metals, 
more particularly in metallic condition, to be collected there, an assumption 
which is supported by Gouy-Chaperon’s law, according to which the heavy 
components of a solution tend to sink to the bottom. Meteorites in their 

. 1 Tscherm. Min. Vetrogr. Mitt,, 1907. 
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composition also lend sonic support to this view in that these bodies, 
which must be regarded as fragments of shattered heavenly bodies, consist 
largely of native iron and nickel. 

This assumption— together with the demonstration by French investi- 
gators about 1850 that many ores might be formed by pncumatolytic 
reactions such as that expressed by the formula SiiFl^ 4* 211^ — SnO^, -f 
4HF1— led to the hypothesis that the heavy metals of ore-de})osits were in 
great jiart and more or less directly derived from the earth’s interior. 
Later liowever this hypothesis was abandoned by almost all the authorities 
when it became recognized that ore-deposits by differentiation could be 
formed directly from eruptive magmas ; by leaching processes, the so- 
called lateral secretion in the widest sense of the term ; and by deposition 
from mineral-bearing solutions. But be the far original source of the 
ores where it may, all observations point to the conclusion that the 
more proximate source is chiefly in the lithospheri' and the magmas 
found therein, and subordiuately in the hydros] )here and atmosjihere. 
The composition of tlu'se three envelopes has therefore a great bearing 
upon the derivation of the com])onents of ore-de])osits. 

While tlie determination of the average com])osition of the atmosphere 
and the liydrosjihere offers no jiarticular diHiculty, in determining that of 
the crust it must be remembered that speaking generally each younger lied 
is built up of material derived from others pre-existing. If the building uj) 
of a new bed- that for instance of a sandstone at the sea-coast, of a clay at 
the bottom of a lake, or of a limestone at any coral reef, be observed — it is 
seen that ; 

{a) The sandstone consists of the regularly arranged detritus derived 
from the land, in vvdnch detritus (juartz by reason of its greater ca})acity of 
resistance, jircdominates. 

(h) The clay consists of the finest material of pre-existing slate beds 
dcjiosited alresh in the quiet water of a large lake. 

(c) The limestone consists of chemical compounds derived from older 
rocks taken by rivers to the sea, where their separation from solution and 
eventual precijiitation were effected by living organisms. 

If accordingly each younger rock is formed in this manner from others 
pre-existing, then the whole se(]uence of the sedimentary formations must 
have arisen from rocks still older at their base, namely, the crystalline 
schists and the eruptive rocks. The eruptive rocks which intrude the sedi- 
ments will in their turn consist of mineral originally contained in the 
stores of magma within the earth’s crust. The investigation of the average 
composition of the solid crust may conse(]uently be started from two points. 

1. The fundamental crystalline schists. 

2. The eruptive rocks. 
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The cliemical composition of the solid crust may be determined fairly 
accurately as was first indicated by (4arke in 1891 and confirmed after- 
wards by Vogt, Marker, Washington, and others by putting together a 
large number of analyses either of the eruptive rocks or of the crvstalliiH^ 
schists. Different estimates made oti these lines have shown in a striking 
manner that the average of a large number of such analyses obtained 
in the one way, is a])pro^ximately the same as that obtained in the 
other. In consecpiene^ of the fact that the different geological forjnations 
in greater part no longer lie horizontal but have l)een raised and latei- 
partly destroyed by tectonic processes, beds of the most varied geological 
age now appear at the surface. So much is this the case that a knowledge 
of the earth’s crust to an average depth of about 16 km. has [)ecome ]K)ssible. 
Reckoned to this depth, that portion of the earth's mass of which the 
comjiosition may be determined, consists a|)proximately of : 

Atmosphere .... .0 03 per cent 

IIyclrosphei(‘, sea-water . . . 0 00 ,, 

lathosphere, solid rock ..... 03 40 „ 


Averaoe Lomposttion of tuf Litiiosimikkk 


I 



('I.irkt' 

VoKt 


( 'l.u ke 

j 


Cl.o ke 


() 

47 0!) 

47 20 

'I'l . 

. 0 13 

0-33 

Ni . 

. 0 02 

0 005 

[Si 

2S-23 

28 00 

11 

. 017 

1 0 17 

[Sr 

0 0.3 

0 005 

A1 

7*99 

8-00 

(' 

0 14 

0 22 

Li 

0 01 

0 005 

1m‘ . 

4-40 

4-50 

1‘ 

0 1 1 

j 0 09 

(4 

0 07 

0 025 0 01 

(A 

3 13 

3-50 

Mn . 

0 08 

0-075 

Fe . 

. 0 02 

0 025 0 04 

. 

24() 

2 50 

S 

0 11 

1 0 00 

Sn 


0-0005 0 005 

K 

2 44 

2-50 

B.i . 

. 0 09 

1 0 03 

Br 


0 0005 

Na . 

2 53 

2 50 

Cv . 

. 0 03 

j 0 01 

' Co 


0 0005 


In the above table theresulcsof Ularke and Vogt, the former obtaiiKal in 
1904 and the lattiu’ in 1893, are placed side by side so that in respect to 
the less frequent elements those of Vogt supplement those of (darke. 
According to the latter authority, the more extensively occurring minerals 
take part in the composition of the eriqitive rocks in the following 
approximate perc.entages by weight : 


Felspar ... . about 59 5 

HonihleiKh' and i|)yro\ene . ,, KeS 

Quartz ... ,.120 

Hiotite ... ,, 3-H 

Titanium minerals . „ 1-5 

A])atito . ... ,, 0 (i 


'total 


94-2 per rent. 


It is seen that of the entire mass of the earth’s complex crust oxygen 



150 


ORE-DEPOSITS 


forms nearly one-half by weight. It may be expected that going 
inwards towards the centre this proportion, in consequence of the 
increased proportion of native metals and probably of metal carbides, will 
diminish. This element in every stage of the formation of the earth’s 
crust is the most important agent of the chemical -geological processes ; 
compared with it hydrogen and nitrogen j)lay quite unimportant parts. 

Among the halogen elements chlorine, as an essential constituent of 
scapolite, sodalite, chlor-apatite, etc., appears to be more particularly 
present in basic rocks. The microscopic cubes of common salt seen floating 
in liquid inclusions in (piartz and other minerals, indicate its presence there 
also. Fluorine on the other hand in fluor-apatite, in many micas, horn- 
blende, tourmaline, topaz, etc., is an element characteristic of the acid 
rocks. In spite of the relatively small extent to wliich the halogen elements 
occur in the earth's crust, on account of their energy they have played a 
highly important part in many chemical-geological processes, such for 
instance as the formation of the tin and the apatite lodes, etc. 

The greater portion of the chlorine now known is found in sea-water. 
The salt beds formed from the oceans of former geological times contain 
but a fraction of the total amount in the earth's crust. If all the known 
salt beds were spread out as a covering of uniform thickness envelo})ing the 
whole earth, that thickness would at the njost not be more than 5 m. 
which, in ])roportion to an average thickness of Ifl km., would indicate that 
the chlorine in the salt beds only amounts to 0-015 per cent of the earth’s 
crust. Sea-water contains 50-200 or on an average about 150 parts of 
chlorine to one of bromiiu', and about ten times as much bromine as iodine; 
it may be assumed that the proportion between these three elements in 
the solid crust is about the same. In consequence of their small (‘xtent, 
bromine and iodine have in general not been of much importance in the 
formation of ore-deposits : indeed v/e know of only one instance, and that 
in lodes on the west coast of South America, where combinations of these 
elements with heavy metals have assumed any importance. 

Sulphur, the average amount of which in the rocks (1arke deter- 
mined to be 0-11 per cent, is found in the|cruptive rocks chiefly in the 
form of sulphide ores, such as ]>yrite, etc. Such sulphides, as indicated 
on p. 129, are soluble to a certain extent in molten silicates, this solubility 
rising with the temperature and with the basicity of the molten mass. 
From this it follows that the basic eruptive rocks as a rule contain 
more sulphur than those which are acid. The presence of sulphurous 
vapours in volcanic exhalations is wcdl knowm. Sulphur is the (diief 
factor in th(^ formation of dej)osits of sulphide ores and of such suljihates 
as selenite, anhydrite, barite, etc. Selenium, which chemically is closely 
rblated to sulphur, accompanies that element in nearly all its deposits, 
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being consequently found almost regularly in the lead chambers of 
sulphuric acid works. In amount however it falls far behind sulphur, 
the relation between the two being as 1 to 100,000, and it is only therefore 
in exceptional cases that it plays any important part in ore-deposits. 
Mention must however be made of its occurrence in gold-silver lodes in 
New Zealand, Sumatra, and Nevada. Tellurium, though in relation 
to its chemi(;al properties approaches less closely to sulphur than does 
selenium, nevertheless sometimes occurs in considerable amount with 
sulphide ores, as for instance in the gold lodes of Western Australia, 
Colorado, and Siebenburgen. 

Phosphorus, the amount of which in the eruptive rocks has be('n 
determined by Clarke to be ()•(> per cent, occurs chiefly in the mineral 
apatite, which mineral is found in the basic eruptive rocks, exce])ting 
labradorite and peridotite. Boron is found chiefly in tourmaline, axinite, 
datolite, etc., and in acid eruptive rocks. It is only in but few cases 
that this element occurs in sufficient amount to form useful deposits, 
though this is so at Sasso in Tuscany and at Volcano, one of the Lipari 
Islands. In some volcanic exhalations, especially in connection with 
granitic eruptives, it has however played a not unimportant ])art. 

Silicon after oxygen is the most plentiful element in the earth’s crust. 
The 28*2 per cent of silicon given on a previous page is jnactically e(piivalent 
to bO per cent SiO,. A revised estimate based not only upon bulk analyses 
but also upon considerations of the relative distribution of the different 
eruptive rocks, on account of the great extent of granite, would probably 
give somewdiat more than 60 per cent of SiO,. Among the silicates the 
felspars are the most frequent, and among these the plagiocdase felspars 
arc quantitatively more important than the orthoclase. 

Titanium occurs particularly in ilmenite, titanomagnetite, rutile, etc., 
and in certain varieties of pyroxene, hornblende, mica, etc.; it is found 
chiefiy in basic rocks. Zirconium is found *chiefly in the mineral zircon 
which occurs most frequently in nephcline- and augite-syenites and in other 
intermediate rocks. Zircon also occurs in acid rocks, but oidy rarely in 
those which are basic. Uermaiiium was discovered in 1886 by M inkier in 
argyrodite, and its ])rescnce w^as afteiwvards established in Bolivian rin oies, 
and in different Tiiobates and tantalates : it belongs to the rare elements. 

(Concerning the occurrence of the noble earths, the investigations of 
Iddings and (^ross in 1885, of Derby in 1891, and of (deve, have afforded 
information. These elements, more particularly since their employment 
in the manufacture of gas-mantles, have been the subject of closer 
study, one result of which has been to show that some of them are not 
so rare as they were formerly thought to be. Thus allanite, monazite, 
and xenotime are found fairly frequently in the acid igneous rocks and 
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in certain gneisses. Before reflecting upon the cliances of eventually 
working such a primary source of monazite it should be realized that 
the monazite amounts to only about 0-01 per cent, and the average 
amounts of the other noble earths are considerably less. Cerium and 
yttrium, which appear to be the most extensive of these, do not 
probably amount to more than O-OOl per ceiit and thorium to not more 
than 0-0001 per cent, after which follow lanthanum, didymium, and 
thorium. At present monazite is won entirely from gravel-deposits. 

(^arbon occurs chiefly in the atmos})here as carbon dioxide, but also in 
the solid crust as carbonates, hydrocarbons, and coal. So various is its 
occurrence that any figures of its amount are unreliable. 

Sodium and potassium arc approximately eipially distributed. They 
occur cliiefly in the felspars and are therefore found in greatest amount in 
the acid and intermediate eruptive rocks. Tjithium by spectroscopic 
analysis may be detected in most rocks, though it occurs more frequently 
in the acid eruptives and in some minerals associated with tin lodes in 
granite. Of the rarer light metals, rubidium is found in sea-water in 
quantities one-thousand times less than sodium, and ca'siuin in still 
smaller amount. 

Calcium occurs chiefly in anortliite felspar, in augite and horid_>lende, 
in calcite, and in numerous other minerals, and prefei'ably in basic rocks. 
Numerous experiments by Dieulafait 1851 ; Breithaupt 18()f) ; Saiidberger 
1858, 1877, 1882, 1885; Clarke and llillebrand 1891; and later by 
Hogbom 1895; Stelzner 1896; and Dclkeskamp 1902, have shown that 
barium is found in many rocks, especially those which arc fels])athic, 
in amounts whi(;h cati by no means be considered small. Strontium 
often occurs with barium but in smaller amount. Both elements are 
in greater part associated with basic rocks rich in felspar. Magnesium 
occurs principally in augite, hornblende, biotite, olivine, in the sjiinels, 
dolomite, nnignesite, etc., and chiefly in basic rocks. The most important 
beryllium mineral is beryll which is generally found with acid rocks. 

Aluminium, the most extensively occurring mineral of all, is jiarticu- 
larly associated with the felsjiars. It occurs sonunvliat more jihmtifully in 
the basic than in the acid rocks. 

Iron occupies the fourth place upon the list of elements givTii on p. 149, 
though among the heavy metals it is the first. The diflerent estimates of 
the iron content of rocks made by Clarke weie 5-4() in 1891, A71 in 1897, 

4- 64 in 1900, and 4-46 in 1904 ; b> Darker 5-6 ; and by Washington 

5- 42 ; so that the average may b(^ put at about 4-5 per cent. Corresjionding 
estimates for manganese by Clarki^ in the same years as above were respec- 
tively 0-07, 0-08, 0-07, and 0-084 per cent ; and according to Vogt as 
the result of 553 analyses, 0-070 0-086 per cent. Both elements occur 
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most plentifully in basic rocks, manganese chiefly in silicates ; iron 
however occurs also to a considerable extent in oxide and sulphide ores. 
While these sulphide ores particularly favour the basic eruptive rocks 
giving those rocks their high content in iron, the acid rocks have relatively 
a higher manganese contents The average relation of manganese to iron 
for all rocks is approximately lMn:40-7dFe, a proportion which also 
represents very well the relation between the present yearly production 
of these two metals. 

Nickel occurs principally in two forms, lirstly in small amounts in some 
ferro-magnesium silicates and especially olivine; and secondly in pyrrhotite, 
])yrite, and in the sulph-arsenide ores. IVridotitc and its decomposition 
product serpentine, contain generally from 0-075 to 0-15 per cent of nickel ; 
while diabase, gabbro, and basalt, contain about 0-03 })er cent. Nickel in 
crystallizing from l)asic magmas associates itself |)artly with the sulphides 
and partly with the silicates ; among the latter the association is 
particularly with olivine, and less with the other ferro-magnesium 
silicates. Thus olivine from an occurrence of saxonite at Riddle in Oregon, 
according to Foullon contained 0-25 per cent of nickel, while bronzite from 
the same rock contained O-OJ per cent. According to Stolznor, ()-()7 per 
cent and ()-()28 per cent have also been found in the mica of granite and 
gneiss from Saxony. Ryrrhotite fromthegneiss andschistsof thecrystallinc 
schists generally contains from 0-25 to 0-5 ])er cent of nickel, while that 
from the gabliro generally contains a considerably higlnn* jiercentage. ( larke 
in 1901 from 243 analyses, found an average of 0*023 per cent of nickel 
for all rocks, which is probably too high since many rocks, and especially 
the acid rocks which are practically free from nickel, were not aderpiately 
represented in those analyses. The estimate of Vogt made in 1898 was 
0-005 per cent which however, contrary to that of Clarke, appears too low. 

(5)balt is constantly associated with nickel in olivine as \\ell as in 
sulphides although it occurs much more sparingly. The nickel-jiyrrhotite 
segregations in gabbro generally contain tim to twenty times as much 
nickel as cobalt. A collection of 75 analyses of terrestrial as well as 
meteoric nickel-iron showed the relation of nickel to cobalt in them to be 
8-20 : 1. Since a similar result is obtained from analyses of olivine, this 
figure may be accepted as a satisfactory average. 

Chromium occurs mostly in peridotite and in serpentine its decom- 
position product, these rocks usually containing 0-05-0-50 })er cent. 
Other basic rocks contain at most oidy 0-0 1 per cent, while the acid 
rocks contain still less. Vanadium, as demonstrated by Hillebrand in 
1898^ and latc'r particularly by (4arke, cannot be considered as be- 
longing to the rare elements. It is found principally as the oxide V.O,, 

* 
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especially in augite, hornblende, mica, and in the iron minerals found in 
eruptive rocks. Niobium jyid tantalum, molybdenum and uranium, 
are all rare metals, and all, with the exception of molybdenum, are 
found associated with granitic rocks. Radium must be considered as 
belonging to the very rarest of metals ; it occurs most in uranium ores but 
occasionally also in inonazite and thorite. 

Tin has been found by Rose, Sandberger, Scharizer, Schr(3der, Schulze, 
and Stelzncr, in the primary constituents of granite and especially in the 
mica, up to and beyond 0*10 per cent of Clean orthoclase and 

plagioclase from the Erzgebirge which Stelzner caused to be carefully 
analysed, gave tin in amount from a trace to 0*083 per cent of SnO.^. In 
eleven samples of granite from Banka and Billiton, Winkler found from 
0*01 to 0*07 per cent of SnO,. Tin is in fact very definitely a granitic 
element. Tin oxide has also occasionally been known to occur in small 
amount in hornblende from Greenland, in tourmaline, erdmannite, })oly- 
dymite, pyrochlore, and tritomite, etc. The occurrence of a small amount 
of its oxide in erdmannite, polydymite, etc., from the ne})lielinc- and 
augite-syenites of southern Norway, shows that it may also be contained 
in intermediate rocks ; that this is also the case with the basic rocks 
follows from the demonstration of its existence as traces in the titaniferous- 
irori ore of basic segregations in gabbro. 

The remaining heavy metals zinc, lead, arsenic, antimony, copper, 
quicksilver, silver, gold, and the platinum metals, etc., are all sparingly 
distributed, and yet so widely that most of them as for instaiua' zinc, lead, 
arsenic, copper, sdver, and even gold and platinum, may be detected in 
sea-water. The presence of gold in sea-water has been more than once 
definitely determined. Sonnstandt in 1872 gave the amount as less than 
65 mg. per ton ; Minister in 1891 gave 20 mg. silver and 5 mg. gold ; Liver- 
sidge ^ 30 60 mg. gold ; and the very careful analysis of Don'-^ 1*2 to 4*6 
mg. gold. If an average of 5 mg. be taken and 1200 million cubic kilo- 
metres l)e accepted as the latest estimate of the volume of s(mi, the total 
amount of gold in the sea- water becomes 6(i00 million tons. Since the 
present yearly production is about 600 tons, this gold if it v ere exploitable, 
which is not the case, would sullice for the work of t(‘n million yi‘ars. 

In rock-salt also, including the sylvite and carnallite of the salt 
beds, Liversidge succeeded in finding 60-120 mg. of gold per ton,'*^ and 
Professor Friedrich in more recent experiments^ 12 mg. per ton. The 
associated anhydrite and saliferous clay are also somewhat auriferous ; 
from 6f) samples tested, 6 gave gold in weighable quantities. In spite of 
the comparatively concentrated amount in which gold is found in these 


’ Journ. Soc .V -S'. U' XXIX. 18f)r>. 
•' Trans. Chtin. Snr , 1897. 


" Amer f nsl Min Knu., 1898. 
^ Metal! 
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salt beds, the actual amount yet remains so small that no profitable 
exploitation can be imagined. In the mother-liquors of salt lakes amounts 
up to 1536 m^. per ton have been determined. The silver content of the 
sea-water is usually several times that of the gold. 

The constant presence of the heavy metals in all eruptive rocks, though 
in small amount a view long known to have been held by Durocher, 
Malaguti, Dieulafait, Forqhhammer, BischofI, Sandberger, and others — ■ 
may be inferred from ^-he fact that not only such metals as copper, arsenic, 
etc., but even gold, silver, and the platinum metals, occur in some magmatic 
segregations. The Canadian and Scandinavian nickel-pyrrhotite segrega- 
tions in gabbro for instance show a constant though minimal content of 
precious metals. According to Vogt ^ the following relations obtain in 
these deposits, 100,000 parts nickel to 20 parts silver, | part platinum, 
and J part gold. If it be considered that the nickel content in the 
original gabbro magma amounted to 0*05 per cent, and that the precious 
metals during magmatic segregation became concentrated in the same 
proportion as the nickel, then the original gabbro magma contained 
0*0000 1 per cent silver, 0*0000001 per cent gold, and 0*0000004 
per cent platinum. Further with regard to platinum, the native occur- 
rence of this metal in magmatic segregations in peridotite, indicates 
an original platinum c-ontent in the peridotite magma. 

Copper is also present in the above-mentioned nickel-pyrrhotite 
deposits but not to the same extent as nickel, the relation between the two 
being generally as 1 of copper to 2 of nickel. Since copper on account of its 
intimate relationshi]) with sulphur probably becomes more concentrated in 
the ])rocesses of magmatic difiereiitiation than the nickel, the original 
copper content of the gabbro magma was probably less than that of the 
nickel. 

From a study of the ])roportions in which the diflerent metals occur in 
ore-deposits, conclusions in many cases may be drawn concerning their 
relatives juoportions in the rocks. Thus copper and lead may well occur 
100 but not 5000 times as plentifully distributed in the rocks as silver ; 
and silver again 100 to 500 times more plentifully than gold. Zinc 
can be taken to occur at least 100 times and probably 1000 times more 
plentifully than cadmium. 

The occurrence of traces and of minute though still weighable amounts 
of metals in the rocks, has long been the sid^ject of research and discussion, 
no agreement of opinion having been reached as to the nature of the associa- 
tion in which the metals thus occurred. The following observations have 
considerable bearing upon this (picstion. When crystallizing from an 
eruptive magma, ])otassium and sodium possessing the greatest affinity for 
^ Zcit.f. prakt. GeoJ , 1902 . 



156 


ORE-DEPOSITS 


oxygen go entirely, and calcium, magnesium, and aluminium, in greater 
part, to form silicates. The manganese present is mainly taken up in 
the ferro-magnesium or in the ferro-magnesium-calcium silicates, while 
only a small portion passes over to the oxide ores. The chromium of the 
basic portion of the magma is found partly with the silicates and partly 
with the important oxide products, chromite and chromc-s})inel. Iron, 
possessing a lower affinity for oxygen than^ chromium, passes cither 
into the ferro-magnesium and ferro-magnesium-calcium silicates, or into 
oxide ores, in which latter condition a considerable ])ortion of the 
original iron content is generally found ; or it passes into sulphide ores and 
especially into pyrite and ])yrrhotite ; or tpiite exceptionally it remains as 
metal. 

Zinc, which in its bearing towards oxygen lies between chromium, 
manganese, and iron, occurs in greater part in such silicates as willeniite, 
hemimorphite, the triclinic pyroxenes, and other minerals ; though it is 
also found in sulphides and in oxide ores. (\)balt and nick('l, possessing 
a lower affinity for o-xygen than iron, associate themselves either with the 
ferro-magnesium and the ferro-magnesium-calcium silicates as in olivine ; 
or with the sulphides, the nickel more particularly with pyrrhotite and the 
cobalt more frc(juently with pyrite ; or excejffionally they occur in the 
metallic state as in nickel-iron. Tin as oxide associates its('lf cliiefly with 
the silicates, and again, though less often, with the titanium and zircon 
minerals. Tin oxide however, when it is contained in greater amount in 
the magma, may also crystallize as cassiteritc. Lead and (‘op])er are 
the last metals in the sequence of aflinity for oxygen to form silicates. 
Lead forms the extremely rare minerals barysilite, ganomalite, et,c., and 
various artificial lead minerals, while cojiper forms the hydrous minerals 
dioptase and chrysocolla. Both metals have in addition bi'eii found to 
occur in minute (quantities with other silicate minerals ; l(*a(l for instance 
with heminmrphite and some manganese silicates, and (iqiiier in blue 
vesuvianite. The greatest part of the lead and copqier is howiwi'r not 
found with silicates, but as sulphide compounds, chiefly galena and 
chalcopyrite. Since apatite is isoniorphous with pyninorphite and 
mimetite, it is always possible that a small qiortion of the lead may 
associate itself with apatite ; this has indeed been established by Schertel 
and Stelzner. With mercury, silver, gold, and the platinum metals, 
which in their affinity for oxygen are at the bottom of the sequence of 
metals, it may be accepted that no silicates are formed, but that the 
fractional amounts of these metals contained in the original magma exist in 
sulphides, tellurides, and arsenides, though gold and [ilatinum to a smaller 
extent may also be in native form. 

' That the rarer heavy metals are distributed so extimsively in many 
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rocks even thon^hlthe anionnt be small, has an important bearing npoji 
the ‘ lateral-secretion theory.’ Sandberger ^ and other zealous followers of 
this theory held the view that the ferro-magnesium and the ferro-magnesium- 
calcinm silicates- mica ])articularly, but also aiigite, hornblende, etc.. 
contained in general small rpiantities not only of manganese, chromium, 
zinc, cobalt, nickel, and tin, but also of lead, copper, antimony, bismuth, and 
even silver. This assertion in regard to the last-named minerals appears 
however not to have been justified ; it was found that the mica, (Tc., 
analysed by Sandberger, contained small amounts of sulphide ores filling 
(;racks and crevices. The mica stated by Sandberger to contain silver was 
shown by the (lareful reseai-(;h of Steizner to be free from that metal. 
Later, in LSDH, Don, in New Zealand, by numerous analyses demonstrated 
that the small amounts of gold which could generally be found in the 
rocks in the neighbourhood of auriferous deposits were proportional to the 
amounts of pyrite they contained, so that the gold actually was associated 
not with the original rock but with the secondary pyrite. 

The following figures expressing approximately the relative abundance 
of the various elements will be of interest. 500 oxygen : 1 sulphur ; 
10,000 100,000 sulphur: 1 selenium; 500 sodium: 480 potassium: 1 lithium . 
^ rubidium ; 5 chlorine : 1 fluorine ; 2 chlorine : 1 fluorine, in the solid 
crust; 150 chlorine : 1 bromine : iodine; 400 calcium : 1 barium: 

strontium ; 500 magnesium : 1 beryllium ; 1000 aluminium : 1 barimn ; 
10,000 aluminium:! cerium:! yttrium; 05 silicon:! titanium; 25 
titanium : 1 zirconium ; 25,000 silicon : ! tin ; 00 iron : 1 manganese ; 
500 iron : 1 chromium; 500 iron : 1 nickel; 10 15 nickel:! cobalt; 
500 2000 lead or cojiper : ! silver; 25 100 silver:! gold; 500-1000 
zinc : ! cadmium. 

The preference which some elements appear to have for acid erujitives 
and others for basic, is an important point in the investigation of the 
genesis of ore-deposits. According to Vogt the following generalizations 
may be made : 

Elements ocruimiNG more extensively in Acid Eruttives. - 
Silicon, naturally most decidedly ; the alkali-metals, es})ecially potassium 
and lithium ; beryllium, somewhat : boron, cerium, yttrium ; tin, thorium, 
almost exclusively ; zirconium, tantalum, niobium ; fluorine, markedly ; 
wolfram and uranium decidedly ; molybdenum apparently. 

Elements occuTRiuNa more extensively in Rastc Eruptives. 
— The alkaline earths, calcium decidedly, barium and strontium less so ; 
magnesium strongly ; aluininiuin not very decidedly ; titanium decidedly ; 
phosphorus and vanadium decidedly ; sulphur markedly ; chlorine some- 

^ TJntermchungen uber Krzgangc, 1. 1882, H. 188o, and numerouH other treatises, ^ 
Kolbeek, Jahib. f B. u. 11. It, Sachseius, 1887, ^ Zp{( f. prakt. Qeol, 1898. 
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what ; chromium decidedly ; iron, manganese, and more decidedly nickel 
and cobalt ; the platinum metals. 

Taking the heavy metals by themselves, tin, wolfram, uranium, 
tantalum, niobium, and probably also molybdenum, occur more frequently 
in the acid ^’ocks ; while iron, manganese, nickel, cobalt, chromium, and 
platinum, occur more generally in basic rocks, the two last particularly in 
peridotite. Zinc, lead, arsenic, antimony, bismuth, copper, quicksilver, 
silver, and gold, have also been considered by several authors to occur 
more frequently with the basic rocks. It was thought that this conclusion 
might be drawn from the fact that many deposits of these metals are 
connected Tuore or less directly with basic eruptives. Further investi- 
gation has however shown that they also occur (piite often with acid rocks 
and accordingly no decided preference for one or the other can on the 
present evidence be stated to exist ; or at least no regular rule formu- 
lating such a })referencc can be drafted. 



NATURAL ASSOCIATIONS OF THE ELEMENTS, 
WITH ESPECIAL REFERENCE TO THE METALS 

LITERAITIRE 

Particularly Voqt, Zoit f. prakt. Geol., 1898. 

Most deposits are distinguished by the occurrence together of two or 
more closely-related elements in amounts more or less considerable. 8uch 
natural associations follow in most cases from the fact that these particular 
elements have many chemical properties in common and that therefore 
througliout the various reactions which have determined the different 
stages of concentration from the original occurrence to the resulting deposit, 
they have found their way together or have not been completely separated. 
J^hirtlier, other elements far removed from one another in relation to their 
chemical jiropiu’ties may eventually be found associated because they make 
together those chemical compounds which Nature seeks to form in her 
methods of concentration ; thus tin and fluorine in tin fluoride, iron and 
titanium in ilmeiiite, gold and tellurium, and the different metals of the 
sulpho-salts. Against this however it is occasionally found that two 
elements closely related to one another become separated because of a 
projiertv the possession of which is not common to both, with the result 
that at one stage or another during the formation of the deposits a separa- 
tion of the two was effected. With the garnierite and asbolane deposits 
for instance, nickel and cobalt have in this manner become so separated 
that the veins of garnierite occur almost free from cobalt, and the cobalt 
in the asbolane deposits is practically free from nickel. 

When two closely related metals undergo the different processes 
culminating in the formation of ore-deposits, it is generally the case that 
one or the other becomes more strongly concentrated and the proportion 
between the two consequently changes, so that sometimes the amount of 
one of the metals present will exceed the ratio which it bore to the other 
in the original rock or magma. When however the proportion between two 
chemically closely-related metals remains practically the same in a number 
of deposits of quite different genesis, this proportion must approximately 
agree with that of the same metals in their original rock or magma. That 
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this theoretical conclusion is justified in fact is proved by the constancy, 
mentioned below, of the relation of iron to manganese when these two 
metals occur together. 

1’he most typical natural associations of metals or elements are found 
where the nu'tals concerned arc closely related to one another, as with 
nickel and cobalt ; zinc and cadmium ; gallium and indium ; iron and 
manganese ; co])per and sdver ; lead atid silver ; silver and gold ; the 
different platinum metals ; the cerium and yttrium metals ; arsenic and 
antimony ; wolfram and arsenic ; niobium and tantalum ; tin and 
germanium ; calcium, strontium, and barium ; chlorine, bromine, and 
iodine ; sulphur and selenium, etc. Of these, nickel and cobalt belong to 
the same grou]) in the periodic system, and this is also the case with 
zinc and cadmium ; coj^per, silver, and gold ; the platinum metals ; the 
cerium metals ; arsenic, antimony, and bismuth ; wolfram and uranium ; 
niobium and tantalum ; tin and germanium ; calcium, strontium, and 
barium ; chlorine, bromine, and iodine ; sul])hur and selenium. Iron, 
atomic weight of), and manganese, atomic weight 55, are also fairly close 
to one another in that system, but h'ad and silver are fartlu'r apart. 

Although iron and manganese arc not so closely related as for instance 
nickel and cobalt, or zinc and cadmium, they nevertheless invariably 
accompany one another in ore-de])osits, though their quantitative relation 
varies. The magmatic deposits of titaniferous-iron in basic; eruptive rocks 
contain on an average 150 times as much iron as mangaiu'se, while the 
apatite-iron deposits formed equally by magmatic dilTerentiation though 
in acid igneous rocks, carry from 500 to 1000 times as nnuih iron as 
manganese. From this, on theoretical grounds, it is justifiable to draw the 
conclusion that in such magmatic deposits the iron of the original magma 
is generally more strongly concentrated than the manganese. 

The contact iron deposits, such as those at Elba, in the Hanat, and at 
(diristiania, are distinguished by a low manganese contemt and the same is 
also the case with the pyrite deposits, such as those at Rio Tinto, Knros, 
Fahlun, etc. With both these classes of deposit the proportion of iron to 
manganese generally varies between 500 and 1000 : 1. Among the Scandi- 
navian deposits which are apparently beddeal in the old crystalline schists, 
the lean ores of Striberg and Norberg, consisting of (piartz and specularite, 
carry on an average about 400 times more iron than manganese. With the 
ferruginous mica-schists of Norway, wliich were jirobably formed by hydro- 
thermal processes, the proportion is 250 : 1, wdiile with ordinary magnetite 
ores it is between 20 and 100 : 1 . Among the Palaeozoic hannatite, lirnonite, 
and siderite dc[)Osits, which in general have been formed by hydrothermal 
processes that is either by sedimentation, metasomatis, or precipitation 
in lodes, the haematite, as far as the lodes are concerned, is distinguished 
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by having a lower manganese content than the other two. For instance 
with the ore of Cumberland and Lancashire the relation of iron to mangan- 
ese is as 500 : 1 ; it may indeed be said that in greater part it contains 
but traces of manganese. Limonite on the other hand possess(‘S a 
manganese content which though variable is usually high, and sometimes 
so higli that all gradations betwecTi manganiferous iron and ferruginous 
manganese, are represented. Siderite has usually a high manganese 
content, the relation of the iron to manganese varying from 100 : 1 to iO : 1, 
though sometimes the proportion of manganese is still higher. 'Idie 
following examples are representative : 


Sidento from Steiermark 

2:h:i Ain 

1 F 

Sidento from Siejferland 

l.“) 0 Ain 

1 F 

Siderite from Rostokeii, Huiifijary 

20 5 Ain 

1 F 


Minette has always less than 1 [)er cent of manga, nose. Bog iron ore 
and lake ore ju'esent all gradations from iron ore poor in manganese to 
nninganese ore poor in iron.^ The manganese iron ores from Oberrossbach 
in TIesse and Lindencrmark near Ciessen contain the two metals in fairly 
e(iual proportions, that is as 1:1. 

Between de])osits of iron and thost* of manganese there is thei'efore no 
sharp line of division : they j)ass through all gradations from one to the 
other, some deposits containing erpial amounts of botli metals. It follows 
that not only tnay the ores at one end be spoken of as iron ores and tliose 
a.t the other as manganese ores, but between the two a third (*lass, that 
of the iron-manganese ores, must be conceded. The intimate association 
of the two elements is based upon the nniny chemical ])ro])erties winch they 
possess in common, there are indeed but few hydrocheinical reactions ])y 
which iron and manganese may be separated from one another, n. 
subject further discussed in the chapter dealing with the gimesis of 
bedded iron ores. 

The world’s production of iron ore in 1900 amounted roughly to 
125, ()()(), 000 tons, to which total all classes of de])osits, sedinientarv, nieta- 
soniatic, ])reci})itated, and magmatic, contributed. From the united total 
of the ()ut])uts of iron and manganese ores 

Sevc'ral million tuns presented the relation . l(KH'-7,5() Fe to 1 Ain 


T.W-oOO „ 1 „ 

,, ,, ."»00-2r»0 „ 1 „ 

20 million ton.>, at least, pn'sented the i»*lation 2.')0 100 ,, I ,, 

aO million t(»ns, peiliaps, pre.sented the relation . 100- oO „ 1 ,, 

Several million tons prescnti'd the relation . .5(t- 2.“) ,, 1 ,, 

2r)- 10 „ I „ 

10 1 „ I „ 

Finally, perhaps, one million tons presented the relation . 1- 50 „ J ,, 


1 V^ogt. Zed /. pndd. Geol., 1900. 
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From this statement it is seen that the bulk of the ores contain 100 
or a little less than 100 of iron to 1 of manganese, a relation which agrees 
very well with that in the earth’s crust, this as determined froTii 
many bulk samples being a})proximatcly 50-75 to 1. 

The world’s production of manganese ore, until the last few years during 
which the amount from India has become so important a factor, depended 
a good deal upon the production from Tsehiatuni in the southern (Caucasus, 
from which in normal years about 1 1 million tons were obtained. When 
however these de])(>sits in consequence of disturbance or difficulty of com- 
munication did not deliver their usual (piaiitity, very little manganese 
ore appeared on the market. 

As mentioned oti ]>. 153, the nickel-pyrrhotite deposits in gabbro 
contain nickel and cobalt approximately in the proportion of from 10 to 20 
of nickel to 1 of cobalt. A similar proportion is obtained by tin' examina- 
tion of meteorites and also by taking the average of a large number of 
rock ai\alyses. A result substantially dill'erent however is presented 
by the sulphide and arsenide luckel and cobalt ores when these are found 
together in lodes, as at Bieber, Riechelsdorf, Hchweina, Schneeberg, Dob- 
schau, Siegerland, and in (bnada. In such cases all gradations are found 
between nickel ore poor in cobalt on the one hand and cobalt ore poor in 
nickel on the other. In general also in such occuirenees the cobalt 
content is much higher than with magmatic lodes, from which it would 
appear justifiable to draw the conclusioit that by those hydro-chemical 
processes which resulted in the formation of tliese lodes, cobalt became 
more strongly concentrated than nickel. A similarly gr(‘at(‘r concentration 
of cobalt is also found with some bed-like deposits, such for instanc(‘ as the 
so-called ‘ cobalt fahlbands ’ at Modum in Norway, which carry about 
13 times as much col)alt as nickel, and the so-calh‘d ‘garnet ores’ of 
Querbach and (dehr<'n in Silesia, the working of which Frederick the (Ireat 
in his time endeavoured to resuscitate. 

The only examj)lc of the almost cornphde separation of the two elements 
is presented by the garnierite and asbolane occurrences of New Caledonia 
and Frankenstein, where, within decomposing ser})entine, garnierite practi- 
cally free from cf)balt appears in veins, while in separate though neighbour- 
ing deposits asbolane practically free from nickel has been ([(‘posited. 
The probable cause of this se})aration is discussc'd lat(U‘ under the 
description of the garnierite de})osits. 

Zinc and cadmium, with gallium and indium, also generally occur as- 
sociated. Though with sf)halerite, the most cormnon zinc ore, the cadmium 
content may exceptionally rise to 3 per cent, it is not usual to find the pro- 
portion higher than ICd to OOZn, and it is generally only about 1 : GOO, or 
Foughly 0- 1 per cent of the ore. In smithsonite and hemimorphite, probably 
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because cadmium as a rule passes less readily into aqueous solution than 
zinc, the cadmium content a])j)ears to be very low. At the decomposition 
of the cadmium -bearing sphalerite of Ijiiderich, the sul[)hide of zinc goes 
readily into solution, while that of cadmium remains as a grc'en 
coveriTig of the mineral grcenockitc over the decomposed sphalerite. 'Fhe 
amount of cadmium found in rocks, in harmony with that found in zinc 
ores, generally falls far sho^t of one-hundredth that of the zinc, (lallium 
and indium, which in the periodic system are closely related to zinc 
and cadmium res])ectively, are also found in sphalerite, though only in 
small amount. An occurrence at Freiberg of that ore, com])arativcly 
rich in indium, shows a relation of this metal to zinc as 1 : 1000, while two 
other occurrences rich in gallium, one from Linhuich and the other from 
Picrrelitte in the Pyrenees, presented the proportion 1 gallium : 30,000 
zinc. 

(Jop])er and silver, even as lead and silver, have many chemical 
properties in common, and are conse([uently generally found associated 
in nature. Among the w'orld’s deposits of copper those w'hich are 
remarkable for their low silver content, not only relatively but absolutely, 
are those rf Lake Superior where native. copp(*r occurs in melaphyre. This 
co])])er is practically free from silver although occasionally and as a miner- 
alogical curiositv crystals of native silver are found occ.upyiiig the v(\sicular 
cavities in the mehiph}'re. The pyritc deposits also are remarkabh^ for the 
very small amount of silver they contain ; with those of southern Spain 
containing from 2*5 to 4 per cent of co])per it is usual to lind from 25 to 
35 grin, of silver per ton, re})resenting a relation of 1()(H) 1200 of Pu to 1 of 
Ag. With the ])yrite exported from Noiwvav the projxution is about the 
same, wdnle the smelting ore from Roms, Sulitjelma, etc., produce's refined 
copper with an average of from 0-0 1 to 0*05 per cent of silver, or 2000 2500 
of copj)er to 1 of silver. A similar though somewhat higher silver ('ontent 
is also found in the pyrite of Raamudsberg, Fahlun, Atvidaberg, ('tc. 

At Butte, Montana, the most important copper distiict \et knowm, 
the copper lodes, excluding the contents of the silver lodes })roper, contain 
on an average 100 of copper to 1 of silver. In (innwall, (iiili, etc., the 
copper is generallv accompanied by some silver, usuallv from 0*01 to 0-1 
per cent. The copper produced from the Kapferschuj'er of Mansfeld 
contains a materially higher proportion of silver, the usual content being 
from 0-55 to O’GO per cent, or 175 of copper to 1 of silver. The other 
occurrences of copper shale in (Germany, such for instance as those in 
the Thiiringcr Wald and at Riechelsdorf, show however that this high 
silver content is not characteristic of such deposits, the former carrying 
practically no silver while the latter carries but 40 grm. })er ton. Further 
evidence showing that in general all copper deposits contain some silver has 
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become disclosed by the more modern processes of copper refining, 
especially that of electrolysis. 

Putting together all the figures expressive of the relation of the amounts 
of copper and silver to one another there are but few deposits where the 
silver is less than 5000 : I ; perhaps one-quarter of the world’s output 
of copper comes from dejiosits having the relation 5000 2500 of Cu to 
1 of Ag ; another quarter 2500-1000 : I ; a Ihird 1000-500 : 1 ; several 
important dejiosits 500—250 : 1 ; while finally tlicre are a few deposits 
where the relation is 250 100 of copper to 1 of silver. With still higher 
amounts of silver present, copper ores pass step by step to silver ores, 
though with these in most cases the actual amount of copper present 
is several times that of the silver. Deposits such as those of Kongsberg 
and 8t. Andreasberg where the silver occurs with practically no copper, 
are infre(|uent. All those occurrences where the silver proportion is 
extremely low, such as those of Lake Superior, have originated by 
chemical-geological processes, which in their action concentrate copper to 
a greater extent than they do silver. 

The reason that lead and silver so fre(juently occur together li(\s in 
their similar behaviour in many chemical reactions. It is seldom that 
a deposit of lead ore occurs in which the relation of the silver to lead is h'ss 
than 1 : 10,000, equivalent to 0-01 per cent in ordinary lead. Most de])()sits 
contain I : 5000, but often the amount of silver is still higher. Throughout 
the Freiberg district for instance it is about 1 : 150 ; in the silver lodes of 
8t. Andreasberg it is again much higher ; while at Kongsberg the amount 
of silver is actually more than that of the lead. In gcnieral therefore it may 
be said of the ndation of the amounts of lead and silver tliat, as was also 
the case with copper and silver, the lead ores gradually pass over and 
become ores of silver. 

8ilv(U‘ and g(dd are almost invaiiably found together in the same 
d(q:)osit, th(nigh the relation of their amounts varies extremely. Among 
the gold -Sliver -lead and silver-lead deposits the following classes are 
generally distinguished : the old silver-lead lodes ; the old gold-ijuartz 
lodes ; and the young gold-silver lodes. With the first, that is the old 
silver-lead lodes such as those at Kongsberg, Freiberg, and Claustlial, the 
amount of gold contained is very small though the relation between gold 
and silver is not usually lower than 1 : 10,000. This relation may in fact 
be taken as an average for the whole Kongsberg district, in which how- 
ever some lodes have as low a relation as 1 : 20,000. For the Freiberg 
district it may be reckoned to be from 1 : 5000 to 1 : 10,000 ; for the Harz, 
Drzibram, and the Rhinelaiid, it may again be put somewhat higher. In 
particular cases, as at Svenningdal in northern Norway, these old silver 
lodes may contain so high a relation as 1 of gold to 500 of silver. 
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With the old gold-cjuartz lodes the amount of gold present is usually 
more than that of the silver, and the relation may even be as high as 10 of 
gold : 1 of silver. With the young gold-silver lodes on the other hand this 
ndation is reversed and the amount of silver is almost always substantially 
the greater. For instance at Sicbenblirgen all gradations ar(^ found from 
I : 1 to I : 10 of gold to silver ; at Schenmitz and Nagybanya the relation 
is much more variable, ranging from I : I to I ; 150, gold to silver. 

At the Ckmistock Lode it is I of gold to 21 of silver, while at Cripple 

(h’eek, exceptionally, it is 10 of gold to 1 of silver. 

These two noble metals are not oidy found together in their own 

[)articular deposits, but also in others of varied origin, and especially 

in copper deposits. The reason of this probably lies in the fact that 
copper, gold, and silver, belonging to the same grouji in the })eriodic 
system, exhibit certain similarities in their chemical relations. The pyrite 
deposits have generally a small percentage of copper, a small silver content, 
and a still smaller but nevertheless always present amount of gold. When 
considering the occurrence of silver, it was seen that the ])yrite from soutluun 
Spain contains from 25 to 25 grin. of this metal per ton; the amount of gold 
is only from one-twenty-fifth to one-hundredth of that amount. Similar 
proportions occur with the Norwegian pyrite occurrences. Ik'ssemer 
co])per from Sulitjelma contains ()-()il<S per cent of silver and O-OOOl per 
cent of gold, which is roughly equivalent to a relation of 100 of silver 
to 1 of gold. The deposits at Roros and at Meraker show similar ])ro- 
portions. At Fahlun the amount of gold is considerably higher, the 
ordinary copper ore there containing 2-8 1 per cent of copper, 18-1 grin, 
of silver, and 3-3 grin, of gold per ton, oi- approximately five times as 
much silver as gold, while in addition selemum is also found. With the 
copper lodes in granite at Butte, Montana, the relation is 125 200 of 
silver to 1 of gold, a relation which is approximated by several other 
similar occurrences. The small noble-metal content with the nickel- 
jiyrrhotite dejiosits in gabbro is especially interesting ; in Canadian ores 
this substantially (consists of gold and silver in the proportion of I Au : 
25 50 Ag. 

Even with those dejiosits in which it is evident that the silver lias 
b(‘.en considerably enriched it is not often that the amount of gold falls 
lower than 1 : 10,000, while it is sometimes as high as 1 ; 1000. I'he 
proportion of gold in the original rock would naturally have been 
higher. 

The metals of the platinum group nearly always occur together 
in nature. Native platinum is therefore accompanied in many of its 
deposits by iridium and osmium ; more rarely by palladium and the other 
members of the group. It has already been stated on p. 155, that platinum 
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occurs to soine extent in the nickel-pyrrhotite deposits ; in this occurrence 
also it is acconipanied by the other metals of its <>roup. Among these it 
is not only the platinum which possesses economic im})ortancc but, since 
the discovery of the osmium lamp, osmium also. 

Platinum and its associates ap})ear as segregations in eruptive rocks 
and, as mentioned above, also as constituents of the nickel-pyrrhotite segre- 
gations which have similarly separated from (U’U])tive magmas. Eeyond 
this however they are practically absent from all those deposits which 
have been formed by preci})itation from solution, that is to say, from 
the lodes of the other metals, though exceptionally the occurrence of traces 
of platinum in some gold-, silver-, and copper lodes has been observed. 
This absenct' may be ascribcnl to the extreme chemical imutness of 
platinum, which metal with most reagents is much more dilhcidt of 
solution than gold. That is however not to say that the average* 
platinum cont(*nt of the crust must be less than that of gold. 

Arsenic, and anliinony accompany one another very often though they 
may be separated by many speedlic reaedions, in which fact the ])ossibility 
is presented that in many deposits they may occur separated. Bismuth 
belongs to the same periodic group though in its (‘hemieal properties it 
differs materiallv in some ])oints from the two elements just mentioned. 
The most important point of difl’erence is that mider onlinary conditions 
it forms no soluble sul[)ho-sa!t with the alkaline sulphides, this bdng 
prol)ablv the reason that it does not occur so often in loiles with arsenic* 
and antimony as might have b(*en expected. 

Wolfram and uranium accom})any one another in many deposits 
closely associated with granite magmas, an observation which applies also 
to niobium and tantalum. The relation between tin and gciananium is 
discussed later when describing the silver-tin lodes of Bolivia. Mention 
of the cerium and yttrium metals has already been made on p. lo'J. 

Of the three ehnneiits belonging to the sulphur grou]) — sulphur, 
atomic weight T2 ; scltmium, 71); and tellurium, 127 selenium is 
more closely allied wdth sulphur than with tellurium. In consecjuence 
tellurium is more often found to occur alone and to be characteristic of 
certain particular (>(*.currenc(is, whereas selenium almost always accom- 
panies sulphur even though its amount may be minute. There is evidence 
of tliis in the fact already stated that selenium is almost alwvays found in 
the lead-chambers of sulphuric acid works. Selenium deposits are there- 
fore identical with those of sulphur, these being : (a) native sulphur in 
volcanic districts ; (b) sulphide lodes as at Lchrbach, Zorge, and Tilkerode 
in the Harz, etc. ; (c) cojiper shales ; (d) pyrite deposits as at Eahlun, 
llio Tinto, Bammclsberg, etc. In most of these deposits the relation 
between the amounts of sulphur and selenium is from 10,000 to 100,000:1. 
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Although tellurium tends to occur in separate deposits and apart from 
the other two elements, it is nevertheless often found with selenium 
in the telluride lodes of the young gold-silver group. Chemical analysis 
has shown that tellurium may in such cases be replaced to the extent 
of 1*5 per cent of its amount by selenium.^ Investigatioii of th('. gold- 
silver deposits of iSumatra has shown that selenium may also occur in 
deposits specially characterized by its presence. The nature of its associa- 
tion All such cases has not yet been satisfactorily detenniiied, since the 
fineness and coin])leteness with which it is distributed within the (piartz 
of those lodes has made it hitherto impossible to obtain any chair idea of 
the occiirrencc. It is however certain that no ti^lliirinm is ])r('S(‘nt and it 
is presumed therefore that the gold oc(*urs exclusively in combination 
with selenium. 

Besides the association of closidy related elements in deposits of 
very dilferent genesis, another regular association of chemically estranged 
el(mients is found in some occurrences. Titanium and iron for instance 
occur together in titaniferous-iron segregations in eruptive rocks. While 
it was formerly accepted that the ocinirrcnce of titanium in iron ore was 
limited to siudi segregations, more recent investigation has shown that this 
statenunit only appli(\s to titanium in large amount. Smaller amounts 
may occur in iron ore which has been formed exclusively by thermo-cliemical 
processes. Just as titanium is an almost constant associate of bauxite 
formed by metasomatis from limestone, so also do the metasomatic 
iron ores and precipitated beds of iron oiC contain a small amount 
of titanium. The association of iron and titanium deserves attention, 
because when the latter exceeds a certain percentage, smelting becomes 
more and more diflicult with increase in the amount of titanium present. 
Ores containing up to *2 per cent of TiO, are without cpiestiun accepted 
by smelting works, but from 2 to 4 per cent, penalty deductions are made. 
Vanadium and iron are not only found together in magmatic dc})osits of 
titaniferous-iron ore but also in many deposits of iron which have been 
formed by hydro-chemical })rocesses. The explanation of this is probably 
that vanadium oxide like iron oxide is precipitated by alkali from anacpieous 
solution. Vanadium and titanium occur together in the titaniferous-iron 
deposits of magmatic origin on the one hand and in the rutile of the pneu- 
niatolytic apatite lodes on the other. 

The association of tin and copper in certain tin-copper deposits is an 
interesting occurrence. Such deposits are found both in Cornwall as well 
as in the celebrated tin deposits of the llerberton district, Australia, where 
one known as the Lancelot has latterly excited considerable interest. It 
is possible in the case of such deposits to demonstrate that the tin lodes are 

‘ Krusch, Zdt f. prukl. Oeul , 19011. 
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actually separate from those carrying the copper. Tu others again where 
there are changes in the country-rock such as might have influenced tlie 
deposition, the two lodes may occu[)y diherent stretches of the same 
fissure. In addition to the two metals named, a good many others such 
as bismuth for instance may also occur, rendering the subsequent dressing 
of the ore much more difficult. 

The association of tin and silver is especially pronounced in the tin 
deposits of Rolivia, first more comprehensively described by fStelzner. 
Although in this occurrence tin and silver often o(;cur together they never- 
theless, as the recent investigation of Steinmann has shown, also occur 
apart and in separate deposits. In the Freiberg district and in tliat of 
the argentiferous lead-zinc deposits of Argeleze-dazost the association of 
tin and silver in the same dejiosit is illustrated by the occurrence, close to 
the surface, of crystals of cassiterite with argentiferous galena. 

Zinc and lead form minerals which, times beyond number and in 
deposits widely different in genesis, are found together. This association is 
metallurgically deserving of great attention vsince it has not yet be(m found 
})ossiblc to successfully recover small percentages (»f zinc at the same time 
as lead. When making a valuation of such a deposit, the intergrowth 
of the two must therefore be closely studied in order to be able to judge of 
the possibility of separating the two minerals by the various operations 
of dressing. 

Copper, nickel, and cobalt arc found together in the nickel-pyrrhotite 
deposits and in many lodes and pyrite deposits. (k)p})er and manganese 
are known occurring together in great quantity in the oxidation zone of 
the important copper deposits of Arizona, and in gold lodes at Roleo in 
Lower California. Neither silver and manganese nor gold and manganese 
are associated to the same extimt ; the two former how(‘ver are found 
together in the silver lodes of Rutte, Montana ; the two latter at 
Verespatak and Nagyag in Siebenbiirgen. 

The association of cobalt and manganese deserves more attention. 
A substantial portion of the cobalt ore coming from New ('aledonia 
is marketed in the form of asbolane, an oxidized mixture of manganese-, 
iion-, and cobalt minerals. The occurrence of these two metals, cobalt and 
manganese, together may perhajis be explained by the fact that both 
are precipitated from a neutral solution by oxidation. Manganes(; is also 
occasionally a substantial constituent of smaltite, the ore in this case 
being known as manganiferous cobalt ore, in distinction to that which is 
free from manganese and which being amenable to mor(^ simple processes 
of extraction may be treated considerably more cheaply. 

Barium and manganese are found together in many deposits. In 
the manganese lodes at Ilmenau on the north border of the Thuringer 
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Wald, and at Ilfeld on the south side of the Harz, it is the rule for barium 
also to occur. With the metasomatic iron-mangaiicso deposits the oi’iginal 
barium content of the limestone is sometimes found concentrated in 
crystals of barite intimately interwoven with the iron and manganese. 

Silver, bismuth, and cobalt make a characteristic combination of 
metals in the lodes at Scluieeberg. The recently discovered smaltite 
lodes in the Coleman district of Canada carry masses of silver so large 
that the silver content may reach as much as 25 ])er cent of the ore. The 
nature of this occurrence is however such as to suggest that it is an enriched 
silver zone near the surface. The association of silver and cobalt has this 
sigiiilicance, that no ])rocess is as yet known by which both metals may b(‘ 
recovered togetluu Avithout considerable loss of the silver. 

Cold and tellurium occur together in the so-called telluride lodes of 
the young gold-silver group, in whi(‘h the tellurium content may sometimes 
b(‘, considerable. It is characteristic of such occurrences that only a portion 
of the gold appears to be combined with the tellurium ; the other })ortion, 
which is occasionally the larger, being associated with pyrite. 

Quicksilver and sdver or quicksilver and gold comparatively seldom 
occur together in such proportion that the ore is primarily a (piicksilver 
ore. Quicksilver in consecjuence of its physical })roperties ocinipies a 
uni([uc position and this is also the case with its ores. On the other 
hand its occurrence in small amounts in silver-gold lodes is quite frexpicnt, 
especially with the telluride lodes. There can be no doubt that in these 
I'ases the mineral solutions from wJiicli these deposits were formed con- 
tained mercury, gold, and silver, at the same time, and that deposition 
resiilU'd from processes capable of bringing about the precipitation of all 
those metals. 

Chromium occupies a similarly isolated position which, seeing that 
the mineral is so widely distributed, is somewhat striking. It is found 
})rinci])ally in the chromite magmatii; deposits, though it also occurs to a 
very small extent in titaniferous-iron ore. In almost all other deposits it 
is entirely wanting. 

Tin also occupies an exceptional position in relation ^o the ore deposits, 
in that, although many other metals may occur in tin lodes, tin itself is 
comparatively rare in deposits of other metals. It has been found in 
isolated cases in the uppermost portion of lodes which carried mainly lead-, 
silver-, and zinc ores below; occurrences of this sort having been noticed at 
Freiberg and on the north slope of the Pyrenees. 

In some deposits a single metal occurs more or less by itself, an occur- 
rence such as must have resulted from particular processes capable of 
effecting the precipitation of only one metal or of others only to a small 
extent. To such as these belong the deposit of silver ore at Kongsberg in 
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which, the chief minerals are native silver and argentite ; the quicksilver 
deposits as at Almaden, where practically only cinnabar occurs ; the copper 
deposits at Lake Superior which in the primary ijone contain the copper 
almost entirely as metal ; and the lodes of garnierite in decomposed 
serpentine ar New Caledonia, and at Frankenstein in Silesia. 

From this description of the natural associations of the different 
metals it may be said that three groups of deposits may be differentiated : 
the first, and by far the largest, that in which the metals present arc 
closely lelated to one another ; the second, considerably smaller, in whic^h 
the metals present, while possessing no close chemical relation, are dis- 
solved and })recipitated by the same })rocesses as those to which the 
deposit as a whole owes its existence ; and a third and smaller group 
wtiich includes those occurrences where a single metal is found more or 
less isolated, either because it occupies a chemically isolated position or 
because the particular deposit has resulted from those processes which 
the particular metal because of properties which it possesses in common 
with no other alone has survived. 
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Tim elucidiitioii of tlio, processes wlievi'hy nietiils bccoinc coiicentrat.eil 
to viiluaWe. ore-deposits, in otiier words the iuterpretiition of their ocnesis, 
forms the most dillicult but at the same time the most interesting part of 
the study of ore-deposits. 

In the ease of many deposits whieli in relation to their eeoloeical 
[losition, form, and eoiitcnt, have been closely invaestii^ated. no agreement 
has yet been reached eoncernine the features of the ])roeesses to ivhieh 
they owe their exi.stcnce. For instance not many years ago four dilTerent 
theories were advanced to aciaiunl for the formation of the celebrated iron 
deposits at Oellivare, Kiirunavaara. and Svappavaara in Lapland, namely, 
jirecipitation, meta.somatis, pneumatolysis, and magmatic diiferentiation. 
The dis|)Ute concerning the origin of the pyrite deiiosits, which were formerly 
placed in a group bv themselves, has alreaity continued for more than 
half a century without a settlement accejitable to all having been reached. 
The animated discussion between Steizner and Sandberger relative to the 
application of the ‘ lati'ral secretion ’ theory to the elucidation of the 
formation of the lodes in the Harz, the Frzgebirgiy and at Przibram is 
still fresh in the memory. On the othi'r hand it must be said that present 
knowledge is such an advance upon, that previously available that with 
many dejiosits it has been jiossiblc to follow step by sk>p all the stages o 
concentration from the attenuated distribution within the original rock 
to the finished ore-deposit : and with others to recognize the greater portion 
at least of the processes which resulted in their formation. 

The consolidation of the )ireviously existing molten magma to form 
the first solid crust must bo regarded as the point from which the metals 
commenced to separate, or at least as one of the most important of the 
earliest stages in that separation. Investigation has shown that the 
specific, gravity of this crust is from 2-7 to 2-8, wlule that of the 
earth as a wiiole is 5-G. A dillerence so large as this between the 
average specific gravity of the known rocks and that of the whole eart 
may only bo explained by the assumption that the heavier materials, 
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in consequence of a magmatic differentiation, concentrated themselves 
in the earth’s interior, leaving in the solid crust but a small amount 
available for subsequent concentration into ore-deposits. It follows that 
this first magmatic differentiation, in so far as the solid crust is concerned, 
did not advance the concentration of the metals, but on the contrary with- 
drew them. 

With further differentiation however within the mass of the silicate 
magma some metals segregated themselves more ])articularly in the basic 
rocks, others in the acid, while a large number varied their association 
with one class of rock or with the other, according to circumstance. Con- 
sidering only those elements which are of substantial im[)ortance towards 
the understanding of the genesis of ore-deposits, iron, manganese, nickel, 
cobalt, chromium, the platinum metals, titanium, phosphorus, sulphur, 
and chlorine may be regarded as basic elements ; uranium, tantalum, 
niobium, wolfram, zinc, thorium, boron, fluorine, and silicon may eipuilly 
be regarded as acidic; \\hile the other important metals, gold, silver, 
copper, and load, cannot as yet be said to have established any preferencti 
for one class of lock or the other. It is natural therefore that soine of 
the useful deposits show the same tendency as their dominant metals to 
occur m connection with acid rocks ; that others show the same pre- 
ference for basic rocks ; whih' others again show no decided prehn-ence. 

Useful deposits are not formed by all the processes of miinual formation 
which have already been enumerated. Of these only the following (niter 
the question of the gem^sis of ore-deposits : 

1. ('rystallization from the molten condition. 

2. Pncumatolysis, 

3. Contact-nietamorphism. 

4. Metasomatis. 

5. Precipitation from solution : 

(a) in lodes, etc. 

(b) in beds on the surface, si'dimentation. 

b. Mechanical concentration. 

1. Formation of Ork-Dkfosits ry Crystallization from 
Molten Matter 

Within the material of a natural complex of rocks which have con- 
solidated from the molten condition, the metallic elements present are by 
no means uniforinly distributed, but generally show a pr(ff(ircnce for certain 
basic or certain acid members. Pyrrhotite for instance is found chiefly 
in* norites and but little in other basic rocks. This preference fora particular 
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basic or acidic rock constitutes the second sta^e in the formation of orc- 
deposits. 

If the distribution of any j)ai*t.icular metal in these 
rocks be investigated it is found that while it may occur 
as an accessory constituent throughout, oidy in specially 
suitable places is it found as an enrichment pronounced 
enough to be an objective in mining. Nevertheless 
magnetite, ilmenite, chromite, pyrrhotite, pyrite, and 
cJialcopyrite, particularly, are found concentrated in 
this manner. The average chroininm content of the 
entire crust is given by Vogt as 0-0 1 ])er cent (h. This 
by magmati(5 differentiation becomes (ioncentrated to 
0-2 per cent in peridotitc, and finally to 10 (K) per 
cent C'r.O,^ in the magmatic deposits of chromite 
illustrated in Fig. 111. Such de])osits are termed 
magmatic segregations. A(;cording to their composi- 
tion oxide, sulphide, a.nd metallic magmatic’ si'gre- 

gations may be differentiated. With reference to the 
importance of deposits arising from magmatic differenti- 
ation, it is to be remarked that chromite is exclusively 
found in de])osits formed in this manner, though m no 
case do these* reach any size. Similarly the known 
titaiiiferous-iron (h'posits, illustrated in Figs. 1, 2, 
15, and 113, arc exclusively of magmatic origin. The 
other iron- or apatite-iron deposits occurring in eruptive 
rocks, such as those at Knrnnavaara, at Gellivare, and 
in the Lofoten Islands, are also according to recent 
investigation rightly to be regarded as the products 
of magmatic dilferentiation. Although generally the 
deposits of this grouj) are small there are some 
among them which are immense, as for instance those 
at Kiirimavaara and Routivare. Other deposits of 
exclusively eruptive origin are the nickel -pyrrhotite 
occurrences, illustrated in Figs. 14 and 112, some of 
which are of huge dimension. According to the recient 
investigations of Vogt and Br()gger, the Norwegian 

DVrite deposits at Boros, Sulitielma, etc., are to be re- 
Fk!. 142.--Magin;iti<- * ' , , ^ . t . • • i •, 

.scgivgiitions of inrkoi garded a.s intrusive deposits ot magmatic origin, wliih* 

P.MTliotiie ;it iiu* con- to Weiuscheiik this in all probability will 

tact, of iioritc with ^ • • i> 

crystalline .sciiisis. also hold good lor'tluit at Bodenmais m Havana. 

Speaking generally it may be said that since the 
so-(5alled basicity of a rock is to some extent dependent upon the amount 
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of heavy metallic oxides contained, the basic rocks must be regarded as 
being more favourable to the formation of such magmatic segregations than 
the acid ; but that since, with these latter, streaks of more basic character 
arc found, it follows that under s})ecially favourable circumstances a 
considerable portion of the heavy-metal content of an acid eruptive 
magma may be found concentrated in an ore-deposit. 

The maimer of formation by differentiation within a magma postu- 
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laies for these deposits a })Osition within eruptive rocks, or cx(;e])tionally 
in the immediate neighbourliood of such rocks. This disjiosition 
is illustrated in Fig. 113. The form of thcvse deposits has alreaily b(U‘U 
mentioned on p. 13. 

VVliile in the formation of the dejiosits of tliis group ther(' be several 
stages though but one main process, witfi all otlu'r ore-occurrences several 
processes are opciative ; that is, aft(*r a more or less (dTectiv(‘ concentration 
by magmatic differentiation the metal content ])ecomes extracted either 
in solution or in gaseous form to be deposited afterwards and elsewhere 
as an ore-deposit. Ty])ical examples of such an origin are afforded by the 
tin lodes, the apatite lodes, the contact iron ores, the young gold-silver 
lodes, the Bolivian tin-silver lodes, and the occurrences of (juicksilver. 
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2. The Formation of Ore-Deposits by Pneumatolysis 

Piicumatolysis is the sum of those mineral -forming pJieiiomcua in 
which, as described on pp. 152-135, gases and vapours play a ])art. 
One entire class of deposit, that of the tin lodes, owes its existence 
entirely to the action of these gases or vapours either between themselves 
or u})on the rocks with which they come in contact. Since these lo(h‘S 
which are referable to the pneumatolytic effect of a granitic magma, 
are found in part in the granite itself, it follows that their formation liegan 
after the granite magma around its periphery had already consolidated. 
The fact that tin lodes arc not found with every occurrence of granite 
shows that within the granite itself the tin is variously distributed, more 
here, less there. If the association of tin with granite be regarded as the 
first stage in the formation of the deposit, its coiujentration together with 
fluorine, etc., at })articular ])laces must be regarded as the second. To all 
appearances, after solidification of the magma had proceeded long enough 
to form a crust, the tin, in vaporous or gaseous condition, was exhaled 
from the magma still fluid in depth and introduced into fissures rent in 
the solidified crust. From the fact that the minerals usually accompany- 
ing tin are characterized by containing fluorine it is ]>robable that in this 
process of formation that element played a considerable part. As 
described on p[). 131, 135, concurrently with the deposition of the tin, 
the granite country-rock becomes greatly altered, tliis alti'ration being 
[)articuhirly characterized l)y the introduction of further silica together 
with tin and lithium, the whole result being the formation of greisen. 

The second stage tluu-efore in tht‘ formation of tin lodes is the ex- 
traction of such elements as tin, wolfram, etc., from the acid magma, 
largely with the h(dp of fluorine ; while finally the third stage is the de- 
position of these elements and of (piartz in the fissures and in the mass 
of the country-rock. The conclusions which the mimn- may draw from this 
mode', of formation art', : 

1. That as long as t'xploration work continues in fresh granite showing 
no sign of greisen there is little immediate chance of staking tin lodes. 

2. That as the formation of greisen consists cliiefly in an intense 
silicifi (nation of the granite, those portions of that rock which carry tin will 
resist weathering and erosion, and acconlingly will stand out prominently 
upon the surface. 

Seeing that the apatite lodes owe their formation to phenomena which 
in many ways are analogous to those responsible for tin, it appears proper 
to consider them here. In the district of Odegaarden in southern Norway 
such lodes occur in gabbro, which rock in its original condition according 
to Vogt contains 0-65 per cent of In the subsecpient concentration 
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of this material chlorine plays the part which in the case of tin is under- 
taken by fluorine, and the characteristic minerals of this occurrence 
therefore contain chlorine. The original hydrochloric acjid content of the 
gabbro, amounting to about 1-4-1-5 per cent, is found concentrated in 
the two minerals scapolite and apatite ; of these the latter is found con- 
centrated in the lodes while the former occurs principally as the 
characteristic alteration product of the gabbro country-rock, constituting 
the so-called scapolitization which is just as characteristic of these lodes 
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as the greisen is in the case of tin. The ajiatite concerned is the chlor- 
apatite which differs materially from the fluor-apatite of thi^ tin lodes. 

It may be accepted that in this case the hydrochlori'* acid is th(‘ agent 
which, in a manner analogous to the action of liydrolluoric acid in thi^ 
case of tin, extracts from the gabbro the mineral constituents of the 
apatite lodes and carries them to the fissures where they an^ afterwards 
deposited. This procedure is described bv Vogt as ‘ acid magmatic 
extraction.’ According to analyses two-thirds of the phosphorus originally 
distributed throughout the gabbro at Odegaarden has thus b(‘come con- 
centrated in the apatite lodes. 
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3. The Formation of Ore-Deposits bv foNTACT-METAMORPiiisM 


The miluie of coiitact-niotamorplusiii has already been described in 
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,^i.inite aiitl )ioi jih\ I y f>n the one hand aiul 
In the seetmns the eonseiineiit inelasiunutie 

the chajitor upon ininonil forma- 
tion. Jn numerous eases it is 
aeeompanied by an aecretion of 
materuil from the eruptive ma^- 
ma l)y which aecretion dejiosits 
of such oxide ores as magnet- 
ite, specularite, or of such 
sul})hide ores as pyritti with or 
without gold, gtdena, sphalerite, 
chalcopyrite, etc., have been 
formed. Deposits of this class 
are illustrated in Figs. 147-150. 

Contact - d(;posits appear 
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either immediately at the j)eriphery of an eruptive mass or very c*los(; to 
it, ill which latter case they are known as collateral contact-deposits. They 
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are not to be found within the eruptive itself but in its contact-zone ; 
the recognition of contact phenomena in the country - rock becomes 
therefore of great importance in tracing such occurrences. 

Contact-deposits, such as those illustrated in Figs. 117 150, are generally 
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associated witli limestone wliich by contact action becomes in greater 
part altered to marble but also to a lesser extent to ore-deposits. With 
these occurrences the appearance of such contact minerals as garnet in the 
altered limestone and andaliisite or chiastolite in the altered slate is 
characteristic. The contact action is generally more intense the nearer 
tlie eruptive rock is approached, while in the immediate neighbourhood 
of an ore-body it is often particularly intense, to a degree termed by 
Vogt ‘ contact super-metamorphism.’ ^ 

Contact iron ores are generally remarkable in that titanium is either 
entirely absent or present only to a very small extent, and the amount of 
manganese they contain is small. On the other hand they often con- 
tain considerable amounts of sulphur. With many of these dc})osits 
such as those of i^lba, the Banat, and Christiania, the phos})horus 
content is low, though the large occurrence's in the Urals, wliich are 
for the present regarded as belonging to this group, contain more 
of this element. Tlie fluorine and boron minerals, fluorite, tourmaline, 
axinite, etc., characteristic of tlie occurrences of cassiterite, are entirely 
wanting in most of these contact-deposits, or when this is not entirely 
the case the amount present is nevertheless very small. 

It is a striking fact that it is the acid intrusives particularly, and 
especially granite, which exercise tliis contact action resulting in the 
formation of iron ore. This naturally also holds good for such acid 
magmas as arc; at the same time connected with the deposition of tin. In 
such cases it is usual to find both classes of depexsit, tin and iron, siiarply 
distinct and separate, though occasionally gradations from one to tlie 
other are found, as for instance at Schwai'zenberg in the Erzgebirge, whei e 
contact iron ore predominates and tin ore is subordinate. Such gradations 
also occur at Pitkaranta in Finland. 

Large occuiTcnces of oxide ores belonging to tliis group are only 
known in i be case of iron. Among sulphide occurrenc’es tliat of Broken 
Hill, one of the largest lead-zinc-silver ore-bodies in tlie world, may be 
mentioned though its genesis is disputed. The stagers in the formation of 
ore-deposits by contact-metamorphism may be stated to be : 

(1) The concentration of heavy metal in particular sections of the 
solidifying rock, by magmatic differentiation. 

(2) The extraction of this metal by solutions exuding from the magma 
and its transference to the contact-zone. 

(3) The deposition of ore within that zone, chiefly by metasomatis, 
which in such case is spoken of as contact-metasomatis. 

’ ^ rolanzierte Konlak'tnietamorj)ho-se' 
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4. The Formation of Ore-Deposits by Metasomatts 

As mentioned in the })reeedin" para^rapii the deposition of ore in 
contact-metam Orphic deposits takes place in <Treat part by metasomatis. 
In addition there exists a wliole series of deposits where the dej)()sition, 
though likewise resulting from metasomatis, has not taken place within 
any (U)ntact-zone nor does the deposit stand in any perceivable relation 
to eruptive phenomena. Such deposits as these constitute the metasomatic 
deposits in the narrower sense of the term. 

The plumornena of metasomatis, described in the cJiajiter on mineral 
fonnation, have produced their j^reatest effect in the formation of iron 
or iron-maii^anese ores, illustrated in Figs. 59 and 151, and lead-zinc ores, 
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illustrated in Figs. 58, GO, 152, 151, while copjter and pyrite dejtosits 
have only resulted to a lesser extent. Th(‘ most; im])Ortant zinc deposits 
of the world belong to this group, and aiiamg the metasonnitic iron 
deposits some are of great importance, as for instance those of Bilbao in 
Spain and hjrzb(*rg in Steiermark. 

With these metasomatic deposits only the last stage of their formation 
is known, that is the alteration of tlu^ limestone or the original rock, what- 
ever it might have been, by mineral solutions. The source of these solutions 
however is not known. The nature of the formation of these deposits 
postulates that they are usually in close genetic relation with tectonic 
lissures and lodes. 
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5. The Formation of Ore-Deposits by Crystallization or 
Precipitation from Solution 

With numerous lodes there is much to suggest that the ascending 
solutions from which they became filled were in connection, far or near, 
with molten magma, that in fact these solutions were conse(iuent upon 
the intrusion of an eruptive mass and represented one of the last stages of 
the eru{)tive phenomena. 

Careful observations in this connection are available, among others, in 
regard to the quicksilver deposits and to the young gold-silver lodes. 
Many of the former stand in close genetic relation to Tertiary or even to 
Quaternary eruptive masses and to the solfataras which accompany them. 
At Sulphur Bank in California and at Steamboat Springs in Nevada mimu’al 
formation is still proceeding, and the chemical and physical conditions 
under which the deposition of ore is occurring at those places may bti 
studied almost as though the investigation were being undertaken in the 
laboratory. 

The researches of Christy, T.e (^onte and Rising, Posepny, Becker, 
and Melville, show that at the above-mentioned places cinnabar is being 
precipitated from heated waters wherein it is held in solution by an 
excess of sodium sulphide, Na.,S. From such a solution preci])itation may 
take place by dilution, by oxidation, by escape of 11,8 resulting from the 
decomposition of Na.,8, by ammonia at a low temperature, or finally by 
the reducing action of carburetted hydrogen. It is more than likely that 
many of the other occurrences of cinnabar have resulted from one or 
other of these reactions. While however so many points are available 
to ex}>lain the precipitation of the cinnabar, none are forthcoming with 
regard to its source nor to the chemical processes by means of which at 
the place of its origin it was brought into solution. Becker suggests that 
the hot springs in California, during their passage through the granite 
there, have taken up a small amount of quicksilver, but this inter})rcta- 
tion would in no wise explain the intimate association o^ the ([uicksilver 
deposits with the young eruptive rocks. Seeing that these deposits, 
whether in California, at Krain, or the Sierra Morena, etc., always sliow 
the same monotonous character, and that, in large amount, tlu^ cinnabar 
is accompanied only by pyrite, it may be accepted with a fair amount of 
certainty that all these deposits have been formed by analogous [)rocesses. 
Since also in the neighbourhood young eruptive rocks are gemu-ally to be 
found, it is probable that the magma of these rocks stands in causative 
relation to the origin of the quicksilver. 

The young gold-silver lodes such as those at Nagy ag, Krcninitz,Schemnitz, 
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Comstock, etc., to which the tin-silver lodes at Potosi, Oruro, etc., in 
Bolivia are closely allied, have a wealth of properties in common : 

(a) Those lodes are ‘generally associated with the occurrence of eruptive 
rocks of Tertiary or late Mesozoic a^c, though they are in no way regularly 
dependent upon any one particular rock. Indeed such a complex 
of eruptive rocks may contain acid, interiiiediate, and basic members, it 
being understood that acid rocks (jontaiii above bO per cent of SiO.,, inter- 
mediate rocks between 50 and 60 per cent, and basic rocks less than 50 
per cent. Leaving out of consideration the exhalations which may still 
be o})served to-day, the formation of the lodes appears to belong to the 
end or to one of the end phases of the ])articular vulcanicity. 

{b) Not only with the gold lodes but also with those carrying silver the 
most important gangue is cpiartz. After quartz comes calcite which 
not infre(|uently is accompanied by rhodochrosite, and then barite, while 
fluorite and the other lluorine and chlorine minerals are usually wanting. 
Exceptionally however fluorite in considerable amount occurs at (h’ipple 
Creek. The absence of fluorine and chlorine in the majority of these lodes 
is remarkable and indicates that these elements in general can have had no 
material influence upon their formation. While it was formerly accejfled 
that the boron minerals were practically absent, more recent investigation 
has shown tliat tourmaline occurs in certain districts, AVestern Australia 
for instance, in lodes of this class. 

(c) In their chemical-mineralogical relations the young gold-silv(;r 
occurrences are })articularly characterized in that gold and silver accompajiy 
and replace one another in various proportions. The known occ.urr(*nces 
may indeed be so arranged that all gradations from argentiferous gold 
ores to auriferous silver ores may be pres(mted. The gold bullion woii 
from such deposits cannot be reckoned off-hand as gold, but a determina- 
tion of its fineness, whicdi may be 500 or less, is necessary. 

vSome of the lodes of this group are the real source of the metal tel- 
lurium, and the association of gold with tellurium has already long b(‘en 
remarked. The intimate manner in which free gold and tellurides 
are found intergrown in primary ore in Siebeiiburgcn, in Lolorado, and 
in Western Australia, is evidence that both became formed under exactly 
the same conditions. It has already been mentioned in the chaptiu* con- 
cerning the natural association of metals that tellurium may in part be 
replaced by selenium. It is further characteristic of the lodes of this 
group tliat sulphides often occur in considerable amount, pyrite especially ; 
this indeed is sometimes so much the case that the miners sjieak of the 
primary ore not as telluride but as suljihide ore. Galena and sphalerite are 
less abundant though in Schemnitz they are more plentiful than pyrite. 
Finally chalcopyrite is often present though in subordinate amount. 
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With the silver lodes the occurrence of the sulpho-salts, pyrargyrite, proiis- 
tite, stephanite, tetrahedrite, bournonite, is interesting and characteristic, 
while in some few places combinations with bismuth are to be noticed. 

The tin-silver lodes of Bolivia, on account of their richness in tin, 
wolfram, and silver, occupy a place by themselves, though on the other 
hand the frecpient occurrence of arsenic, antimony, and bismuth, 
connects them with the young gold-silver group. If it be remembered 
that tin forms a sulpho-salt and that the sulphides of tin, antimony, 
and arsenic, are known to be soluble in an alkaline sul})lude, the genetic; 
divergence between the Bolivian lodes and the young gold-silver lodes 
does not ap])ear great. 

{(1) With these lodes the almost constant alteration of the country- 
rock to propylite, as mentioned on p. 134, is of particular significance in 
relation to their genesis. This alteration consists in the formation of 
chlorite, talc, kaolin, calcite, etc., and in the introduction of pyrite and 
other sulphides, by the action of mineral solutions upon the normal 
Tertiary eruptive whereby finally a complete change of that rock is 
effected. The clumiical composition of pro])ylite shows that the solutions 
circulating in the fissures were in most cases rich in carbon dioxide and 
in sulphur compounds. ILxceptionally also, as at Verespatak, they contain 
silica causing thereby and at the same time a silulfication of the country- 
rock. Propyhtization is just as characteristic of the young gold-silver 
lodes as the formation of greisen is of those of tin. 

(c) Tin; young gold-silver lodes in relation to their mineral coiitent 
approach the (piicksilvcu' occurrenc.es. Both ar(; connected with young 
eruptives, and in both cases (piartz is the most important gangue, aftiu* 
which comes calcite, while the fluorine tnincrals are usually ])ractically 
absent. In addition, the arsenic and antimony minerals so characteristic 
of the young gold-silver group are also found to occur in the quicksilver 
deposits, though in small amount. Finallv it may be noted that lodes 
of both ores are sometimes found together though this is seldom, 
and even gradations from one to the other mav occur though this is 
(piite exci'ptional. 

O])])os(al tx) these j)oints of agreement are others of divergence. 
While with the young gold-silver lodes sulpliides an<l sulpho-salts are 
often abundant, the (piicksilver-depo.sits are characterized by poverty in 
such minerals. Further, while in tin; ojie case gold and silver became 
concentrated in the solutions, in the other the presence of cpiicksilver 
characterized the solutions. 

The question from whence the young gold-silver lodes obtained their 
noble-rnetal content is just as unexplained as the source of the quicksilver 
in its deposits. There can to-day however be no doubt that this 
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content was not obtained by leaching from the immediate country- 
rock, that is by lateral secretion in the original sense of that expression. 
It is equally difficult to explain by the extractive action of heated water 
upon the various solid rocks through which the solutions passed, that 
is by lateral secretion in a wider sense. Since the geological complexes 
of the different districts where such lodes are found always differ and are 
various, a genesis such as this would not explain the close agreement 
invariably found between them. It would appear much more 
natural to accept the dependence of these lodes upon a young eruptive 
formation to the extent that they derived their material directly from the 
magma itself. 

Such a derivation has also been accepted for the tin and apatite lodes, 
hydrofluoric acid providing the means of extraction in the first case and 
hydrochloric acid in the second. With the young gold-silver group, solu- 
tions of the sulpho-salts and carbonic acid were the active agents. Where 
for instance an alkaline sulpliide is dissolved in a magma, that magma 
would be capable of taking up arsenic, antimony, bismuth, tin, gold, silver, 
quicksilver, on the one side, and tellurium and selenium on the other, 
from a molten ?uass. With eruptive magmas of similar composition, 
the composition of the lodes would also be similar, and the varying 
proportions between the different metals may therefore, apart from different 
chemical and physical factors, be ascribed to differences in the com- 
position of the original magma. Other variations in the mineral solutions 
from which the lodes were formed may also have resulted from the 
precipitation of certain constituents before the lode fissure was reached. 
A point of particular im})ortance in the ex])lanation of the occ-urremM^ of 
silver, especially in such lodes where calcite is abundant, is that silver 
carbonate is even more readily soluble in water containing carbon dioxide 
than calcite. The precipitation of ore from a sulpho-salt solution can 
be taken to have proceeded in a manner similar to that now in evidence 
at the recent quicksilver deposits. 

The stages in the formation of the lodes of the young gold-silver 
group may therefore be set down to be : 

1. The concentration of the noble metals in certain sections of an 
eruptive magma by magmatic differentiation. 

2. The extraction of these metals from this magma presumably by 
sulpho-salt solutions or carbon dioxide. 

3. The transference of the same fi'om the itiagma to the fissures. 

4. The precipitation of the minerals in lodes and country-rock. 

The individual lodes of the old lead-silver-zinc group in relation to their 
genesis exhibit much that is common to the group as a whole. A statement 
of the more important characteristics becomes on this account, and because 
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the ^eater number of all known lodes belong to this type, of great 
importance. 

Their mineralogical character varies ; all gradations are found 
from the silver lodes of Kongsberg carrying little else than silver and 
argentite, to the typical lead-zinc lodes of Clausthal which have but a 
low silver content. Districts lying so close together as Clausthal and 
St. Andreasberg, and of which juesumably the ores were formed in much 
tli(‘. same manner, may show great divergences in their mineralogical 
character. In the case of St. Andreasberg this may in ])art at least be 
ascribed to secondary change, but in the Freiberg district the different 
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lode systems, undoubtedly primary, embrace extreme types belonging 
to this grou}). 

These old lead-silver-zinc lodes usually contjiin but little gold. No 
alteration of the country similar to propylitization mtiy be observed, 
although metasomatic (dianges resulting sometimes in the formation of 
chlorite and sometimes in the deposition of silica, are always present. 

If extreme types of the young gold-silver lodes and of the old lead- 
silver-zinc lodes be compared, very little similarity in their mineralogical 
character is apparent. The lodes of Schemnitz however which belong to 
the young group, in their intergrowth of quartz, galena, sphalerite, 
marcasite, and chalcopyrite, agree strikingly with many of the lodes of the 
Freiberg and Clausthal districts belonging to the old group. From this it 
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follows that the old lead-silver-zinc lodes must often have been formed in 
a manner and by a procedure similar to the young gold-silver lodes, and the 
difference between the two groups may be described as quantitative rather 
than qualitative. It agrees very well with this view of their possible genesis 
that in extensive districts such as those of the Ph-zgebirge and the Harz a 
dependence of the lodes upon deep-reaching tectonic dislocations and erup- 
tive phenomena has long been established. The material of those lodes 
has undoubtedly been brought up from depth, in solutions which probably 
had a composition similar to that from which the young gold-silver lodes 
resulted. The source of the metals in these solutions is however even 
more problematical than with the last-named group. 

The old gold-quartz lotles consist chiefly of quartz with auriferous 
pyrite and free gold. They have therefore to this extent a striking resem- 
blance to some of the lodes of the young gold-silver groiq), though almost 
always there is this difference, that the gold of the latter groiq) is accom- 
panied to a large extent by silver while that of the old gold group is 
comparatively very [)ure. 

With these gold-quartz lodes, the telluride ores rarely occur to any 
extent, though as mineralogical curiosities they ar(‘ pr(‘sent in many cases, 
as for instance in the lodes of Biunmeh) in Norway, wluu'e tetradymite 
occurs in minute quantities. The accumulation of telluride minerals 
remains therefore exclusively an association with tlie young gold -si Ivor 
lodes. Selenium is found in many cases in considerable amount, as for 
instance in the seleniferous galena- bismuth inite (le])osit at f^^ahlun, which 
also contains gold and wliich Vogt regards as a link betw'ecn the pyrite 
deposits and the sulpliide gold-ipiartz lodes. Quartz is the chief gangue 
mineral ; fluorite is generally wanting or occurs only as a mineralogical 
curiosity The occurrence of sulpho-salt minerals subordinate to pyrite 
is sometiuK's important ; bismuthinite for instance characterizes the occur- 
rence of gold ore at Svartdal in Norway. 

If the mineral content of these old gold-quartz lodes be taken in 
many cases to indicate the jnesence of sul]>ho-salt solutioiis having a com- 
position similar to that accepted for the young gold-silver group, tin; source 
of such solutions would be a still great(*r question than with the younger 
group. In most cases it is not possible to establish any sort of connection 
with any eruptive rock whatever, and where such is possible the rock is 
one of PakTcozoic or Mesozoic Age. 

With these old gold-quartz lodes therefore only disconnected stage's 
in the formation of the deposit are known 

The deposits of native co])per at Lake Superior, though possessing 
in part a lode-like character, differ however from lodes in that they are 
chiefly shattered zones which have become impregnated along the 
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fractures produced. The native copper is found in beds cliiefly of mela- 
phyre but also of conglomerate and breccia, either filling vesicules, veins, or 
pockets, or cementing fragments of quartz-porphyry. It is characteristic 
of these deposits that the copper is closely associated with calcite, chlorite, 
prelniite, and zeolites. Practically speaking when the oxidation products 
which have resulted entirely by the activity of the surface waters be left 
out of consideration, no other ores occur. A similar association of minerals 
is found under analogous circumstances in basic augitc-porphyry at Moss 
and at Horten in the Christiania district, and again in basalt in the Faroe 
Islands. 

In all these occurrences the native copper a})pears to be genetically 
connected with basic eruptive Hows or sheets and without ([uestion the 
deposition was by precipitation from soluticui in wliich the occurrence 
of zeolites, chlorite, calcite, etc., indicates that silica and (airboii dioxide 
were present. From the advanced decomposition of the basic countiy- 
rock it may also be taken that this must have played a material ])art in 
tlui mineral formation. It might be thought that this precipitation of 
native copper from solution might well have happened by electrolysis, 
but it is probal)le that the reduction was effected by minerals coidaining 
ferrous oxide, such as magnetite, augite, etc. The occurrence of k(‘ruels 
of magnetite within metallic copper and the fact that generally much 
ferric oxide occurs in these de})Osits may be regarded as evidence of this, 
(.■oncerning tlie source of the copper solution no reliable data an*, available. 
The view that these deposits resulted from lateral secretion concomitantly 
with the zeolitization of the eruptive sheet re(|uires further proof. 

With these deposits of native co})per, likewise, only disconnected stages 
of the mineral formation are known. 


Concerni}uj ihe Direction of the Source from whence the Mineral 
Solutions came. 

With lodes this may be very varied, necessitating therefore a more 
exhaustive discussion. The historicad develo])ment of this question will 
not be considered here as this is done fully in the chapter upon lodes. 
There are three views held, these bi‘ing known respectively as the 
descension, ascension, and lateral secretion theories. 

(a) The descension theory assumes that the solutions to which the 
lode minerals owe their existence have come from above. Such an origin 
can be considered for lode filling only where no manner of connection to 
eruptive phenomena is indicated and where tlie deposit accordingly is 
more or less a surface deposit. In this manner for instance small veins 
of iron ore are formed in limestone, most of which show but little 
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extension in depth. More important are the small cracks and veins which 
extend into the bed-rock below auriferous <^ravel - de})osits and contain 
a little gold which has infiltrated from above. The noble metal in 
these cases was leached from the gravel-deposits by solutions of alkali 
carbonate. 

Again, the veins of richer ore wliich as a result of migration of the 
metal cojitent are not infrequently found penetrating from under the 
zone of enrichment some little distance into the poorer primary zone 
beneath, have also received their material fi*om above. 

(b) According to the ascension theory the solutions which fill fissures 
or produce impregnated zones rise from depth. Since such a procedure 
would usually stand in close connection to an eruptive magma, not only do 
a(|ueous solutions come into question but also the magma itself together 
with the vapours arising from it. This theory therefore embraces mag- 
matic injection, pneumatolysis, and the action of heated water. 

In connection with magmatic segregations, fractures in the country- 
rock may become filled with ore, such veins then appearing like a})o[)hyses 
from the main ore-body. This occurrence, illustrated in Fig. 16, is one of 
ascension. If in addition a portion of the eruptive magma itself were 
found within the fracture it would be justifiable to regard the occurrence 
as an injection. 

In the case of the tin lodes it is assumed that the so-called tin minerals 
have been formed by the action of gases and va])Ours arising from magma 
still molten in dc})th. As gases and vapours are lu're concerned rather 
than solutions the procedure in error is spoken of as mineral formation 
by sublimation though the more proper term is pneumatolysis. In volcanic 
craters the deposition of sulphur in fissures and impregnated zones is often 
considerable, and sufficient in the cases of many extinct volcanoes to form 
the basis for prolitablc mining. Such sulphur-deposits as these have also 
been formed by ascension. 

The formation of lodes from aqueous solutions is however of far greater 
importance. These solutions in most cases represent the later })has(‘s of 
eruptive phenomena since they are sometimes in close and sometimes in 
distant connection with an eruptive magma. The contact -metamorphic 
lodes and some others, especially those of the ([uicksilver and young gold- 
silver groups, stand in easily traceable connection with eruptive rocks, while 
with those of the old gold group and the sulpliide lead-zinc lodes there 
is generally only the presumption that the mineral-bearing solutions may 
be referred back to an eruptive magma. 

(c) In only comparatively few cases is there direct proof that the 
depositing solutions have no relation at all to eniptive activity. The 
deposits which have been formed by lateral secretion are among these. 
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The essential nature of these deposits is that the metal which has become 
concentrated within them formerly existed chiefly in the form of silicates 
uniformly distributed throughout the country-rock, from whence it has 
become leached and re-deposited in fractures. While formerly, following 
the example of Sandberger, the lateral secretion theory was applied to 
the explanation of numerous groups of lodes, after the careful research of 
Stelzner it can now only with certainty be held to be free from objection 
in one cas(‘, namely, that of the veins of garuierite and asbolane. With 
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Fid. I.")?. — Section of tlie fjavnieiite ileposit of New Caledonia showing the lelalion of siuh a 
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these veins lateral secretion proceeded as follows. Nickel being one of those 
elcmctits associated particularly with basic rocks and especially with peri- 
dotite, the first stage in the concentration of the nickel may be said to 
have been tliat of magmatic differentiation, which however did not proceed 
far enough to form a useful deposit. Apparently in New Caledonia and at 
Frankenstein in iSilesia, etc., hot springs still further decomposed the 
serpentinized peridotite, leaching the nickel content to deposit it again 
in fractures as the hydrous nickel-magnesium silicate, garnierite. The 
occurrence in New Caledonia is illustrated in Figs. 15(), 157. At Malaga 
it is probable that the occurrence of this nickel mineral has resulted 
from the decomposition of niccolite. 



192 


ORE-DEPOSITS 


Similarly cobalt becomes concentrated in tlie form of asbolane although 
primarily it Of'curred together with the nickel in the olivine. When de- 
scribing these deposits of garnierite in a sul)se(pient chapter the separation 
of the two elements to form separate deposits is discussed. 

The dillereiit stages in the formation of these deposits may therefore 
be said to be : 

1. The concentration of the nickel in basic eruptive rocks and 

esp(icially i/i j)eridotite. 

2. The extraction of this nicked by heated waters. 

3. The deposition of the hydrous nickel-magne'siiim silicate in veins. 

Oil ih’, Surface : Sedimcnlnlion. 

The formation of ores by precipitation on the earth’s surface may 
be studied to-day in the lake- and bog-iron ores, further referene^e to wliich 
is made in a subsecpient section wherein the^ recent ajul interesting 
work of the Finnish chemist, Ossian Aschan, is discus>sed. To tliis group 
belong also the deposits of manganese nodules found aiid investigated in 
many seas by means of deep-sea dredging. Doth these classes of de[)Osit 
are of oxidized ferro-manganese ores. 

Under other conditions a deposition of sulphide ore takes place. The 
formation of ferrous sul})liide in the mud of the Black Sea is well known. 
The water near the bottom of this sea, ])robably from the reducing effect 
of sinking organic remains or of bacteria u})on the sul])hates present, 
contains sulphurtdtcd liydrogen which precipitates the fenous sulphide. 
Tiiis occurrence is mentioned again later when discussing the deposits 
of sulphide ores. 

In addition and as shown by E. Kohler,^ the phenomena of adsorption 
arc im})ortant factors in the formation of many deposits, especially those 
deposited from sea-water. By adsorption— which must not be confused 
with absorf)tion — is Tiieant the j)henomcnon whereby such substances 
as charcoal, gelatinous silica, clay, and kaolin, take within their 
mass gases, metal-salts, etc., with which thev come in contact. Jf for 
instance a pulp of clay or kaolin be added to an aipieous solution of copper 
sulphate, this salt will become adsorbed in the sinking particles ; so 
searching is tliis action that even th(‘ smallest amount of the copjier salt 
in this manner becomes precipitated. It must not be overlooked however 
that under certain conditions adsorption is accompanied by a chemical 
change. 

Sedimentation postulates conformity, that is a regular or in any 
case a uniform deposition over a certain area. It is exemplified by 
the coal seams which maintain approximately the same thickness, the 
' Zeit. f. prakt Oecl., 1003 . 
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same percenta<j;e of ash, etc., ov(‘r large areas. With metalliferous deposits 
however, though as illustrated in Fig. 158 this conformity may be extensive, 
it is usually more limited since their formation is more or less depend<Mit 
upon ]o(;al circumstances. Tjake-ores for histance are not iisuallydistribut('d 
regularly over the mt'uv, bottom of a lake l)ut oidy in particular parts. 



1 fiS. ( 'on lorni.iMc iiinl Hall} d iiunclto bad. 

It is therefore not surpi'ising that sislimentaiy ore-de])osits often pinch 
out fairly quickly. It was formc'rly (*oiisid(‘red that coid'orinity in an ore- 
deposit was a suflicient indi('.ation of a sedimentary formation, but this 
view, as may be gathered from h'ig. 159, can now no longer be juaintained. 

Recent investigation has shown thatmetasomatic a Iteration often limits 
itself to particular layers of a formation whereby a deposit is formed having 
great regularity in strike and dip. Such a deposit may indei-d to all 
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appearances be a sedimentary deposit tbougli tlie ore was introduced 
long after the sedimentation. The Norwegian pyritc deposits also, which 
according to the latest investigations of Norwegian geologists are to be 
regarded as magmatic injections along certain bedding-})lanes, show in 
places a certain conformity to beds in the hanging- and foot-walls, so that 
in error they were formerly often considered as sediments. It follows 
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from these instances that it is often most dillicnlt to determine whether 
a conformable ore-deposit is, or is not, of sedimentary origin. 

A number of iron deposits ar(‘ of undoubted sedimentary origin, sucli 
for instance as the Tertiary ores corresixnidmg to the recent lake- and bog 


ores : many oolitic ores of tin' Jurassic 
aceous and clay-iron ores, etc. With 
mica-schist may certainly b(i classixi. 



and other formations ; the carbon- 
these also itabirite or ferruginous 
On the otla^r hand a number of 
bedd(‘d or apparently bedded 
occurrences of magnetite and 
luematite in crystalline schists, 
must now be considered as 
epigiuietic in character though 
formerly regarded as staliments. 
An occurrence of such deposits 
is illustrated in Fig. 159. 


The Kintfcrsc/iicfrr of the 
r'li;, lt)0.— Cuiiloiiiuiblf sidiilndf I). (1 with v i , , 

uvcrtun.od Wddn.K, ii.nm.u Wx-i- /echsteiii formation IS regarded 

by many authorities as a tyjiical 
example of a sedimentary deposit of sulplmh^, or(‘, though Deyschlag 
and Krusch have come to the conclusion that the cojiper is youngtu' 
than the sedinamtatioii of the bituminous marl. The JuioUcn ore-bed 
at Kommern, illustrated in Eig. lul, is also conformable although the 
secondary nature of tin; ort; within it has been compl(‘t(4y established. 
In the precipitation of ore within sandstone, adsorption oftiui jilays a 
material [lart. 
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C). The Formation of Ore-Deposits by Mechanical 
Concentration : Detritaj. Deposits 

While most orc-beJs were formed by deposition from solution, the 
detrital deposits formed t)y the mecbanical iM^arraiigemeiit of older oeeur- 
renees thoujjh liaving e(pial right to be termed ore-beds, oeeupy a place by 
themselyes. These may ])e divided into detrital deposits in the luoTower 
sense and into gravels, though between the two classes tluu'e is no genetic- 
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dilferencc. While the gravels lie imm(‘diately oji the surface or under a. 
thin coveriug only, the detrital deposits may be coyered ])y a (;oiisi(lerable 
thickness of younger beds. The dillerence theretore is usually one of age, 
the detrital de})Osits being generally older than the gravels, which in fact 
belong either to the Alluvium or Diluvium p(‘riods. 

W ith both classes of deposit only the la,st stage in the process of tor- 
niation is known, namely, the disiidegration of aji older binl by the 
mechanical action of water and the concentration id’ the material to lorm 
the new deposit. 
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lx the ecoiioinical iniportauoe of an ore-deposit it is not 

siiffieieat that the ore likely to be present b(‘ calcnlated with all possible 
care but the question nnist also be put as to the ])osition the (b'posit under 
consideration takes among analogous deposits, 'hlie discussion of sueJi a 
subject is however only possible when the exhausted as wadi as the 
existiuj; occ\irren(‘es arc known, so that the size of the, ])artieular deposit 
may bo the bett(U appr(‘ciated ])y comparison. With this in view the 
figures of some of the known ore-deposits are given iji tliis chapter. 

Jrov Ore . — The finest and richest single deposit yet known and inves- 
tigated is that of Kiirunavaara-Luossavaara in northern SAvedem. This 
magnetite deposit extends on both skh's of the Luossajarvi Lake as an 
interrupted elongated elevation, this prominent position having resulted 
from the more complete erosion of the less resistant acid ])orphyrytic rock 
in Avhich the deposit occurs. Accor ling to ollicia l nqjorts the (juantity 
of ore above the level of the lake is from 2^33-292 million metric tons 
consisting cliietly of Thomas ore with ()3-(M per cent of iron. Lviuy 
further metre in depth is estimated to contain 1*4 million tons of additional 
ore so that, reckoning to a depth of 300 m., a])proxima^ely 700 million 
tons would b(^ available. According to a magnetic survey a continuation 
of this deposit for a dejjth of perhaps 2 km. maybe juesumed, to which 
depth 2500 million tons would be contained, a figure whicli at the present 
however is only of tlumretical interest. If again it be remembered that in 
the past a tremendous quantity must have Ixam eroded, the original 
quantity of ore may be put at about 3000 million tons containing about 
2000 million tons of metallic iron. Th<‘, yearly production since 1903 lias 
been from 1*2 to 1-5 million tons. It has however been decided to 
increase this to 3-3 million tons within a few years, 

100 
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In the ease of the famous occurrojicc at Oellivarc Jiaving a yearly 
production of ajjproximately 1,00(),0()() metric tons, it is r(‘(9voiicd that 
ev^ry metre of d(^])th contains a])out 550, ()()() tons of ore ; at td<stronis- 
berg and at Svappavaara - both lying in the neighbourhood of 
Kiirunavaara 200,000 and 180,000 tons resjH'ctively ; and at ( lr:uig('S- 
berg 111 middle Sweden about 140,000 tons. Evfuy single mine in the 
numerous though relatively small lields of Dannemora, IVrslxu’g. 
IStriberg', (dc., in middle Sweden, produces from 5000 to 20,000 tons p('r 
metre, of depth, and sonu; still more. Leaving Urangesberg out of 
consideration these mines of middle Sweden have ])r()duced some 70 
million tons sjirc'ad ov(‘r several cemturies. Similarly the mines near 
Arendal in soutluu'n Norway during a p(‘riod of roughly 250 years hav(‘ 
produced aUout 2-8 million tons of iron ore. 

The most important deposit of iron ore in Central Eurojie is the cele,- 
brated Minette occurrence in Cerman Loraine, Luxendjurg, and the 
adjoining departments of Meurthe and Moselle in France. The pis(4itic 
ores of this occurnuiei*. which is illustrated in Fig. 58, an* found in the lanls 
of the Lower Oolite. The total amount of ore reckoned to be present in 
an area 105 km. long and 10 20 km. wide is 2000 million metric tons 
which, containing 8(3 pin* cent, is eipii valent to 700 million tons of iron. 
Althougli the amount of on* and more particularly 'the amount of ii’oji in 
this deposit do(‘S not nearly reach that of tlu'. Swedish deposits mentioned 
ab()V(‘, the amount of lime in this ore is especially advantageous, and the 
deposit will in any case guarantee the existenci' of th(‘, iron industry in 
Cermany for a long ])eriod. 

From the metasomatic deposits of iron ore in the Lower Cretaceous 
beds of the Bilbao district in S})aiji, till the end of the year 1907, about 
150 million metric tims of ore sidmltig Inematitig and linionite — con- 
taining an av(‘rag(‘, of 50 -52 per cimt of iron, had been won, and though 
some of the deposits are now exhausted, the yiairly production is still 
main tabled at about 5 million tons. In this district within an area 
25 km. long and 5 10 km. wide, ajiproximately some 250 inillioii tons of 
payable ore containing 125 million tons of metallic iron were jiresent. 

If the most important deposits of ir»)n ore now being worked be com- 
jiared, it is seen that though quite a number of them contain or did contain 
10-20 million tons of ore, but few reached 100 million, and those which 
contained 1000 million tons must \w regarded as rarities. A detaihal 
review of the available quantities of iron ore in different countries was given 
before the International (Geological Congress in Stockholm in 1910. 

Manganese Ore.-- The most important deposits of this orii yet known 
arc those of Tschiaturi near Kutais in the C'aucasus, and of Nicopol on the 
river Dnieper, both in Bussia. A few years ago the available ore of the 
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first of thcso deposits was reckoned at 98 metric million tons and of the 
second at 7*5 million tons. 

Copper Ore. -The deposits of co|)per ore do not hv a long way reach 
the gigantic dimensions of the occurrences of iron ore. Furtlnn', since the 
copper content is generally low and varies considerably from one deposit 
to another, the copper statistics generally have reference to the total 
(quantities of metallic coq)})er rather than to fig ares of ore. In the follow- 
ing examph\s therefore, figures of iiudallic copq)er oidy are given. 

Ihiros in Norway, ^vith smelting ore containifig 4 (J per c.etit of coq)q)er. 
has from the b('ginning of work in Kil l to the year 1907 produced about 

80.000 TTietric tons of metallic coj)per in addition to pyrite containing 

10.000 tons, making 90,000 tons in all, having a value of about £7,500,000. 
At Fahlun in the Swedish provincje of Dalarjie, work was })egun in the 
thirteenth c(‘ntury sijice whicOi date, and from ore containing Jiow about 
8*5 per cent of co})q>er, 500,000 tons of metallic copper, in round figures, 
have been produced which, with the gold and silver contaiiied, reqnesents 
a total value of about £55,000,000. The ])eriod of highest production was 
in the middle of the sevent(‘ejith (*entury when, in the y('ar I (550 for instance, 
3155 tons of eop})er were produced. At the pivsent tiiiie when the })ro- 
diiction has sunk to one-tenth of this amount the mine keeq)s up its existence 
by working the ])oori‘r portions refused in former years. 

The iTiost important occurrence of copper or(‘ in middle Europe is 
that of the Kopfersetnefer of Mansfeld, which belongs to the Tajwnr Zech- 
stein of the Fermiaii system, wdierein it lies conformable. This d(‘])osit 
consists of a bituminous shale carrying about 3 per cent of co])])er and 
150 gnu. of silver per ton for a width of 25 cm. In addition tlunv are 
howTver two other occurnnices of ore, one above and one below^, which 
following faults are neither regular nor conformable. 44ie production of 
coppm at Manshdd from 1779 to 1877. amounted to 130,0()() tons; from 
1878 to J893, to 180, ()()() tons; from 1891 to 1907, to 280,000 tons ; making 
from 1779 to 1907, a total of 590,000 tons. If the still (‘arliin- production 
be included the production of this field may be put doAvn as two-thirds of 
a million tons of copper. In consequence of tin; (;om[)arativ(! ivgularity 
of the distribution of the copper it is possible and pertiinmt to reckon the 
amount of this metal contained per unit of area. This amounts to 
aqiproximately 10,000 tons of copper p(‘r siquare kilometre. Using this 
figure there existed originally in this relatividy poor Kupjerschiejer of 
the Mansfeld syncline, several rnillii n tons of copp(*r. 

In the celebrated Lake Superior district of North America the 
copper occurs entirely native, either filling vesicles, veins, and pockets 
in melaphyre, or as the matrix of a (quartz- [lorjdiyry conglomerate 
ill a rock complex lying unconformably upon the Totsdam sand- 
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stone of the Upper (Vimbrian, and covered by pre-Silnrian sandstone. 
Tlie largest mine working tliis deposit, tlie (Jaluni<*t and llecla, liaving a 
present depth of blOO m.,from 1898 to J9()7 produced 750,000 tt)nsof copper. 
The other mines from the commencemeot of work in 1815 hav(‘ together 
produced about 990,000 tons, so that the production of the whok; district 
hitlierto has been a])out 1-5 million tons. Many of these mines are now 
considered exluxusted. Speaking generally the amount of co])j)er still 
to he obtained from the (Vdumet and II(‘cla may be put at 1*5 million tons, 
anti that of the entire district at 2*2 million tons. 

The Anaconda Mine of Hutte, Montana, is working out; of the richest 
and most (*elebrated copjxu’ deposits of th(‘ world where the occurrence 
is that of (‘.omposit.e lodes in a country-rotL of granite, and in the neigh- 
bourhood of rhyolite intrusions. From the beginning of the work in 
1880 81 till 1907 these mines ])roduc(*d not less than 1,970,000 tons of 
(*.o])per, while the amount of ore now^ c.onsiderial to be present in the di'posit 
is estimated at several million tons. 

Undoubt(Mlly how'ever the most imjiortant of all copper deposits yet 
known are those occurring in the district of Rio Tinto or lluelvai in the 
south of Spain, from whence in ancient times 20 30 million tons of p\u'ite 
and copper or(‘. may Ixi considered to have been produced. Since the 
middle of the nineteenth century appro.ximately 40 million tons of jiyrite 
containing 3 per cent of copper hav(‘ been jiroduced, and according to a 
calculation made in 1895, a further amount of 135 million tons was then 
pr(\sent in the neighbourhood ol Rio Tinto alone. It may be riadvoned 
therefore that in tin* three* or four princijial mines of Rio Tinto there were 
originallv about 200 million tons of ])yrite containing 1-5 million tons of 
coppi'i'. If to this be added the amount calculated to have beeui origin- 
ally present in the mass wdiich has b(‘en removed by erosion, and the 
further amount still e.xistiiig in de])th, the figure of 400 million tons of ore 
containing at least 8 million tons of copper is reached. 

The nunuM'ous oth(‘r ])vrite di'posits in southern Spain and Portugal 
are considerably smaller. Soim* nev(‘rtheless originally contained 
20 50 million tons, that is U5 million tons of copper, though most did 
not contain more than 10 million tons. The total juoduction of the 
Tharsis Company, working fiv(‘ or six large mines, two of which however 
are now' practically exhausted, from 1898 to 1907, \vas 37o,000 tons of 
copper, Avhile that of the St. Domingo (^)mpany with only one large mine, 
from 1859 to 1907, wais 190,000 tons. The total production of the 
remaining mines in soutluu'n Spain since the middle of last century 
amounts to about 150,000 tons of co|>per, to which however must be 
added a considerable amount warn previously. It is of importance and 
interest to remember that these large cupriferous pyrite deposits, consisting 





almost one-half of sulphur, represent at the same time the most im- 
portant deposits of sulphur in the world. 

The total production of (Vrnwall, the most important copper district 
in England, from 1726 to 1<S()0, amounted to 650,000 tons; from TSOI 
to 1845, to 555,000 tojis; from 1816 to 1853, to 150,000 tons; from 1854 to 
1893, to 240,000 tons; and from 1891 to 1906, to 7000 tons; or altoo;ether 
from 1726 to 1906, to 1*3 million tons. Includiiii]; an amount to represent 
that produced earliiu’ than these dates, the total production of Cornwall may 
be estimated at 1-75 millioji tons, thou^di thereby the copper available in 
the mines down to depths of 500 800 m. has practically become exhausted. 

The better known of the copper deposits of Russia and Siberia, those 
for instance' at Perm, Ural, Kedabek in the Caucasus, etc., have together 
produced about one million tons of copper. Those in Perm are ikjw practi- 
cally exhausted. The numerous copper deposits found almost all ove'r 
Chili produced up to the end of the last century about two million tons of 
copper. In doinjj, this however the ])a.C(‘ was so forced that many of the 
de])Osits are now exhaust('d and others are not far fi’om l)eiiiii so, a con- 
dition of allairs rellected in a pr(*sent production of 20,01 H) -30,900 tons 
per year against 50,000 tons previously. 

The total pr(>duction of the numerous mines in Japan fioui 1881 to 
1907 amounted to 520,000 tons. During tin*, previous 250 \eais it is 
stated that a yearly production of about 2800 tons was maintained, making 
altogether about 1-25 million tons of copper to date, though the data 
employed in this computation require conlinnation. The ])ro(lu(Tion 
during recent V(‘ars has risen cousi(h‘rably, a sign that the quantities avail- 
able are far iroin exhausted. 

Copper inAiiing in South Australia which began in 1841 had not, up to 
the year 1900, jiroduced 300,000 tons of copper. Two-thirds of the pro- 
duction comes from the districts of Moonta and A\'allaroo. J'he Rurra- Hurra 
Mine, where cuprite is the principal ore, produced Iroin 1815 to 1877 about 

52.000 tons. From the copper iniiK's of Rhnv South Wales up to 1897 
a total of 122,000 tons had bei'ii Avon. 

According to the above data tin* most inqau'tant cojijier (h'posit in 
the world, the Rio Tinto, contained originally 8 or at most 10 million tons 
of copper and it appears questionable whether there exists any larger 
copper deposit ; only a few deposits contained as much as one million tons, 
and many famous and im[)ortant mines were completely exhausted after 
producing from' 250,000 to 500,000 tons, so that occurrences with a total of 

100.000 tons must be regarded as noteworthy. In many cases the original 
amount did not reach 25,000 tons and many smaller mines, some of which 
may have been in operation for more than a hundied years, produced less 
than 10,000 tons. 
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Owin^^ to the high value of metallic copper the average (;{)p])ei- 
content of the ores jniiied is cojupaiatively low. The following stateniejit 
is talam from figures ajrived at by Vogt in LSfU). hi this the coiifx'r 
contejit refers hi each case to the ore hoisted, in \vhi{*h a good deal of the 
country-roch, unavoidably broken witli the oro. is also included. Allowance 
has b(‘en made for all losses in concent ratioii, smelting, and extiaction, 
these loss(‘s by any rational system of treatment being such that the original 
content of the ore is usually about 25 per cent higher than the figuivs givaui, 
th(‘se representing th(‘ amount r(‘Covered. 


Montana 

Uutta, jStIO 

p('r cent pills a. lit tic ^il\ 


1 ( 'aluiiK't and H(‘cl,i 

2 5 3 00 


Lake* Siipci loi 

- 'I'atnaMck 

2 5 2 75 



1 Qiiincv 

2 0 2 70 


Australia 

Moonta 

2 00 


Japan 

Am, IS'dl 

1 0.3 



1 Itio 'I'lnlo 

1 7.> 

1 pl(c^ Miljdnir 

Spain . 

\ ( )l h(‘i nmi('> 

1 0 1 00 ' 



j Sniil |('lina 

1 7 1 SO 1 


XmI'VV.IV 

ItolOS 

10 1 so 

j III p_\ 1 itc 


1 Aamdal 

1 3 1 10 J 


Sw ('(Ian 

kaldiin, lS.50-71 

1-2 1 25 [ih 

iis gold 

InnI.ind 

Onjarvi, t'orni('il\ 

1-20 



1 K('aisa(i(', ISSO 

1 2 1 10 



1 Fninklin, ISS7 !)3 

1 0 1 30 


fjak(.' Supni loi 

j ( )m-('o1,i. ISSO-OI 

1 0 1 30 



1 Atlantic, ISSO 01 

0 0 0 70 


tk'tniany - 

Maiwicid 

0 00 pins .sih cr. 


With the lodes and beds of smalhn* dinumsions the, copper contimt 
per scjinu’e metre u])on tlie plane of th(‘ d('posit, provhh'S some basis of 
com])arison. fn Manshdd this is 10 kg of (jojiper and 50- (iO grm. of silver ; 
at Aamdal in Norway about 50 kg. of c.ojijier ; and at Sulitjelma 100 
V*^5kg. 

Deposits wdiicli. having c(msiderabh‘ extent in strike and di]), contain 
o- 1 })er cent of copper must be accounted rare. Afore, generally tlu* ore 
hoisted contains 1'5~2'25 tier cent, and manv well-known mines eviui 
produce ore with 1 U25 t)er cent and less. Of tin* 155,000 tons of copper 
produced in 1808, after sorting and (*oncentra,tion : 

7j,0U0 tons \\( ^ ‘ 

i2r),()()() 

4r,,o(x) 

30.000 

15.000 

75.000 

70.000 loiih fi'oin on' coiitaminL; an unkiiown jx'iocntaij;*’. 

Speaking geiu'rtdly, one-sixth of the coptier production is obtained 
from native cojiper, and one-tbird to one-half or nion^ from (*h;dco])yritc 
in pyrite, the balance being made up by the various other ores. 
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Silrcr Ore . — The mines at Koiif^sberg in Norway from 1024 to 1907 
produced about 900 tons of silver having a value of about £8,000,000 ; 
the famous lodes of Ereil)er<:^ from 1 MV.) to 1890 produced bObT tons haviii*^ 
a value of about £11,400,000 ; the Comstock lode, now rc^^ardial as almost 
exhausted, from 1859 1,0 1889 produced about 1820 tons of silver and 214 
tons of j^old with a total value of about £08,000,000. 

More exaadleut still are the results from sou’c of the famous old mines 
of Peru, Bolivia, and Mexi(a>. The production of the Vida Crande, Zaca- 
tecas, alone, from 1548 to 1823, has been reckoijed at 14,000 tons ol silver 
valued at £115,000,000. The total production of Potosi in Bolivia during 
the period 1515-1789 was reckoned by Alexander von Humboldt to have 
been about 15,000 tons or £122,000,000; while A. K. Wendt reciconed 
that the total production from the beoinnin^ in 1510 to the cud in 1809 
was not less than 30,000 tons or more than six times the jiroduction of 
Frciber;^^ and Comstock toj^ether. 

When considering these figures of production however it must be 
remembered that all kinds of losses ociair in tiie winning of silviu', that 
only the richer ores were worked, and that th(‘ mini's generally were not 
exhausted in depth. Totals of proilucdion are therefore in general con- 
siderably lowTr than the ipinntity of metal originally concentrated in the 
deposits concerned. In spite of this the figures givim above allow it to 
be said that occurrences (aintaining more than 10.000 tons of silver, that 
is twice the amount of the Comstock ])roduction, within one mini' or within 
one closely-bounded mining distried, must be accounted rare, while mines 
with 5000 tons or 10,000 tons are also quite uncominoii. If however whole 
districts such as those occurring in Mexico and in Bolivia be considered, 
higher figures wilt naturally be obtained. 

GoM Crc. — The total production of the United States from 1815 to 
1900 amounted to 4286 tons of metallic gold having a value of dose upon 
£000,000,00f) That from Australia from 1851 to 1906 was 3980 tons or 
not quite so much as that from the TJnit(‘d States. In contributing to 
these amounts howevi'r the gravel-deposits, which wen', largi'ly resjionsible 
for the raj)id rise in the production, bccanu' as is well knowm completi'ly 
exhausted, so that the present produedion cijines substantially from lodes 
and but little from such gravels. 

The Comstock lode in Nevada alone from 1859 to 1889, ])roduced 214 
tons of gold with 4820 tons of silver. At Cripjde (6-eek in Colorado, where 
in 1891 the telluride ores were discovered, the mines up to the end of 
1905, from within a circle having a radius of 3 km. and to a maximum 
shaft-depth of 400 m. produced according to W. Lindgrmi, gold to the value 
of approximately £26,000,000, corresponding to 190 tons, which amount 
up to the end of 1 907 had increased to 235 tons. 
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The different lodes of the Kalgoorlie district, Western Australia, 
were reckoned by Krusch ^ to contain tlie following quantities of gold in 
500 feet of length and 1000 feet of vertical de})tli : 


No. 4 lock*, (jiuldcii nors('sh(»e 
No. 4 ,, (livat Bonldor 
No. „ (Jokh'n Hor.sosho(‘ 
No. 3 ,, l’(‘rs(!voranf(‘ 

No. 3 ,, Lako Vk'w 


10 2H8 tons. 

4 130 „ 

4 im 
3-045 
2 700 


These (igures pertaining to a comparatively small lode-section are 
interesting and valuable especially when compared with others similarly 
obtained from the Witwatersrand where generally within such a sectitin all 
the ore-l)eds, there known as ‘ reefs,' together contain but 5-5 tons of gold. 
This comparison however is not complete without taking into consideration 
the fact that the aliove-nientioned lodes in Australia are jmictically vertical 
while the Witwkatersrand conglomerate beds dip about 45^ at the outcro]) 
and 25° in depth, the effect b(‘ing, that whereas at Kalgoorlie the dis- 
tanc.e on tlui lode-plane practically coincides with the true vertical d(‘])th, 
^Yith the Witwaitersrand reefs the distance upon the reef-plane reprt'sents 
the hypotenuse of vertical depth, this latter being about 2*3 limes 
less, so that to make a comparison with the lodes in Wi'stm’u Australia, 
this figur(‘ of 5-5 must be divided by 2-3. The figure of 2*5 tons thereby 
obtained n'pn'sents the amount of gold in a reef section upon the Wit- 
watersrand, 500 feet long and 1000 feet deep, u])on the plane of tin* reid. 
This figure w ould be still more unfavourable if each one of tlu' conglomerate, 
beds Wk're considertal by itself. As it is, it is seen that all of them together 
do not, in so far as the (piantity of gold contained is com eriied, reach the 
figures of the particular deposits of Australia mentioned. 

If wo, assume that the lodes of tht‘ (Ireat Boulder, the Ivanhoe, and 
the (j1 olden Horseshoe, wdiich togetluu’ form a connected loih^-series about 
350 feet long, maintain the above-mentioned values to a deptli of 1000 
feet the amount of gold contained would be 100 tons. This assumjition 
has however been found by the expm-ience of the last vear or two, not to 
be tenable, as the mines apjiear to become poorer in depth and the figure 
of 400 tons is therefore without doubt too favourahle. 8incc however 
this complex of gold lodes is one of the richest in the world the statement 
is justified that only in the rarest cases is an amount of 400 tons of gold 
concentrated in one lode or in one series of lodes. 

In this connection however the auriferous beds of the Witwatersrand 
are unique. Ueckoning a length of 10 km., L. de Launay estimated 
that to a depth of 1000 m. there wiis an amount of 4000 tons of 
gold, and to 1473 m. an amount of OOOO tons. With these figures those 


1 Zed. f. prnkl. Geol , 1003. p 247 
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of TIat(*Ji iiiid (diafioors a^ree, tdieir estimate being 5000 tons to a depth 
of IGOO in., a r(*sult which Becker considered not exaggerat(‘d. Since 
also tlie tilting of these beds from tlieir original horizontal position took 
})lace snbsiMjiient to the introduction of the gold, there is nothing to 
justify the assumption that the gold content will c(aisc at a depth of 
1000 m. With gold lodes on the other hand dejiths of even 1000 feet are 
a Iready critical. 

Qidchsjlvcr Ore.— Erom statistics collected relative to cpiicksilver mines 
it is seen that the most important of these d(^posits carry more than 100,000 
tons of that metal. In Idria for example, from the years 1 525 to 1 900 about 
GO, 000 tons of (piicksilver were produced, and it is estimated that tlu're 
still remain 50,000 tons in reserve. Leaving ont of consideration the [)oorer 
portions of the depo.sits, the lossc's in treatment, and the furtlnu* (vxtension 
in deptli, it may be said that 100,000 tons of quicksilver were originally 
concentrated here. 

Th(‘ iinest rjuicksilviu- deposit in the world is however Almaden wGiich 
during the [)eriod 15G 1-1900 and down to a depth of about 5(50 m,, [)rodiiced 
about 1GO,000 tons of (pucksiKan*. Allowing for losses in treatment and for 
the fact that the deposit becomes richer in depth, it may b(' riH'koned that 
to a deptli ol 500 m. from 250,000 to 55>0,000 tons of (jiiicksilver were here 
de])osited, v hicli amount if a depth of 1000 m. be allow ed becomes increased 
to 500,000 or ()GO,000 tons. The possibility of linding a deposit ainwhere 
containing one or more million tons wauild therefoni apjaair to be excluded ; 
wliilc even de[)osits of 100,000 tons are very seldom encountered, lluan- 
eavelica in Ikuu, from 1571 to 1825 when the mines ceased working, 
])roduced about 270,000 l.ons ; and New Almaden in California, from 
1850 to 1897 [U'oduced 31,000 tons. The last-nanual mine, which in 
1885 wars aha^adv 650 m. deep, is now on the down giadt*. A large 
number of quicksdver mines cannot (‘ven substantiate an original (juantity 
of 10,00() tons. 

At Almaden where the deposit is exiieptional, not only quantitatively 
but also qualitatively, the ore hoisted usually contains 7 imu’ cent of ([uick- 
silv'er. Most deposits how'ever contain but from On to 2 per cent, 
and seldom from 2 to 4 per cent. Though quick.silver deposits ai-e less 
frequent than those of silver, when they do occur they are usually much 
greater ; some are even five to ten times as large as tin* most important 
silver deposits. Quicksilver is also more concentrated in its deposits than 
silver. A quicksilver content of 0*5 to 1 per cent in a useful de])osit would 
not be regard<*d as high grade though a similar silver content would 
be regarded as very rich. 

Tin Ore.- -The lodes in Saxony and T^ohemia, wajrked from the Middle 
Ages and so w^cll known mineralogically and geologically, have produced 
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roughly 100,000 to 125,000 tons of tin, though this estimate is not entiri'ly 
relia])le. Work u])on them has now almost entirely ceased. (.\)ru\vall 
ineludiug Devon produced from its own ores and during the p(‘riod ISOl- 
1907 about ()()5,000 tons of tin ; before that time according to one estimate 
at least 600,0{)0 tons were produced, while according to another estimate the 
amount was more than one millioji. The total production of tliis district 
may in any case be put down at from 1-3 to 1-0 million tons; tln^ yearly 
production which between the years 1860 and 1890 was almost 10,000 tons, 
has latterly sunk to about 1500. Australia between 1872 and P.)07 pro- 
duced about 210,000 tojis, though the present production is not so high as 
it was in the year 1880. 

Ryfar tin', most important o(“cnrr(‘nc.e of tin is that in th(' Straits Settle- 
iiK'uts including Banka and Billiton. From the deposits here inchuh'd 

1.700.000 tons of tin wwe won between the years 1821 and 1907, practically 
all b'om g]'avel-d(‘posits. The present y(‘arly production, which is still 
rising, is about 70,000 tons. The tin or tin-silver lodes of Rolivia from 
1883 to 1907 produced about 1 10,000 tons. 

All these figures show' that districts which hav(‘ contained more than 
ojie iiiillion tons of tin in payable ore are of great raritv. Even such a 
famous old district as that of the Erzgebirge of 8a\onv and Rohemia, 
has not })roduced a (piarter of a million tons. The tin gravids of the. 
Straits ho waiver, distributed over districts often widely separate, undoubtedly 
originally contained si'veral million tons of tin. 1 )ata regarding the relative 
amounts of tin in tin lodes are given later in the jiarticular setdion 
describing these lodes. It need only luu’e be rmnarked that tin in its 
primary dejiosits does not, either absolutely or relativelv, occur less 
plentifully than copjier. 

Znir- (nut Lctul Ores. -Tdie data a\adable for estimating the metal 
(piantities jui'sent in the important deposits of these ores is very iiisutficient. 
Suc.h estimat(‘S (‘onseijuently ajipear only to have Immmi possible with the 
long-known zinc (h'posits of Silesia, the Rhine, Belgium, and Sardinia. 

Nickel Ore. This metal in so far as its useful ap])lication is concerned 
is comparativady recent and it is only since the first half of last century that 
from a mining point of view it has received closer attention. Arsenical 
nickel ores in lodes appear so far to be limited to the occurrences at Dilleu- 
burg, l)obs(diau, Schneeberg, the cobalt hub's in the Zechstein. and the new^ 
occurrences in the Uoleman district of Uanada. On the other hand the 
nickel-])yrrhotite de})osits in Uanada from 1888 to 1997 jiroduced altogether 

60.000 tons of nickel, and the similar Norwegian deposits from 1818 to 1907 
about 4500 tons. In addition, from 1879 to 1907, about 75,000 tons w'cre 
produced from th(‘ garnieiite deposits of New Cah'donia. 

From thc>se and other figures it Inay be said that nickel is rarely found 
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concentrated to an amount over 50,000 tons in one payable ore-deposit. 
Even deposits considered relatively lar^e do not contain as inucli as 10,000 
tons. It is indeed striking that nickel in spite of its more or less considerable 
distribution in the basic rocks never, or very seldom, forms important 
deposits. In fact it is in general not so well represented in the deposits 
as copper, though the amount of this latter metal distributed throughout 
the sohd crust is substantially smaller. 

Cobalt Ore. The ores of this metal usually occur much less 
abundaTitly in deposits than those of nickel, a relation in lumnony with 
the fact that within the earth’s crust cobalt generally has only about 
one-tenth tlie relative abundance of nickel. While from 100 tons of 
ore hoisted from many nickel-pyrrhotite deposits now b(Mng worked, 
1-25 2 tons of nickel is generally obtained, from 100 tons of cobalt 
ore lioisted from the miiu's at Modiini in Norway during the period 
1873-1894 and after deducting the losses in sorting, concentration, 
and smelting, only 0-08 O-l ton of cobalt resulted. The asbolane 
deposits of New Caledonia, though exacT figures are not availal)le, are 
richer than this. The col)alt content in the lodes associated with 
the occurrences of co])per slate at Rieclielsdorf, Schweina, etc., is also 
low ; and whether the smaltite lodes lately dis(*overed in C'anada will fulfil 
the great exj)ectations yet I’e mains to be seen. 

Chromium Ore. Details concerning the (piantities of this ore in its 
deposits are given when discussing the chromite deposits. 


The metal recovered from 100 tons of ore hoisted, after subtraction 
of all the losses of dressing and metallurgical treatment, oft(‘n varies from 
year to year in one and the same mine. With different mines })roducing 
ores of the same nud-al the amount recovered, as already demon- 
strated in the case of copper, varies greatly. In conse(|uence it is not 
possibh' to ])ut forward such average figures for the difTerent Tnetals as may 
always he applicable. The following table giving the usual minimum and 
maximum figures of net yi(*ld per 100 tons of ore hoisbal, o])tained in 
most cases from deposits now being worked, will nevertheless be found 
interesting : 


Iron 

Manifanese 
('hntmiiim . 

Load, with or wilh<»iit silvor 

Zinc 

(’o|)})or 

Till, troiii lodoH 

Niokol, from ]»y»Tho(ito . 

Cobalt, from its arsoriidos 

Quicksilver 

Silvor 

Gold, from lodes . 


:io 00 r)0 oo t(.ns. 
lo 00-25 no „ 

10 00 20 ()0 „ 

15 00 25 00 ,, 

0 00 12 00 „ 

1-25- 2 25 „ 

0 75 1 .50 

1-25 2 00 „ 

0- 10 ,, and more 

0 7r>- 1-75 

50 00 200 00 k<^ 

1 - 00 - 2-00 „ 
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With some particularly rich deposits these figures are exceeded. For 
iustauc.e at KiirunavaJira from 100 tons hoisted, 96 tons of iron ore and 
approxitnately GO tons of iron are recovered ; at Alniaden 7 tons of (juick- 
silver from 100 tons o[ ore hoisted. On the other hand then^ are 
deposits which in cojisequence of particularly favourable conditions 
are still payabh', though their metal content may be considerably below 
the figures mentioned. 

The following vStatistics of the world’s production and the prices of the 
more important metals at diderent times since the year 1800, forma useful 
supplement to tln^ statements within this (chapter. 


WoHi-n’s PaoDUCTiON ok the more iMi'oRTAXT Metals 





M E'latrc: 

'Pons 





ison 

JS’iO ; 

ISTO 

l.ssu 

jsnn. 

I'KIO 

mo;. 

Iron 

0 S 1 

1 2 

12 0 

IS .7 

27 1 

11 0 

.7!) 1 - 

Lead 

1 :{o,ooo 

1.70,000 

21)0,000 

.‘{(lO.OOO 

.740,000 

S73.000 

000,000 

Zinc 

V 

1 .7.7,000 . 

120,000 

220,000 

.*{.70,000 

ISO.OOO 

740,000 

( 'op])Cl 

t 20,000 

,77,000 

110,000 

1.7.7,000 

27.7,000 

1!),7,000 

720,000 

'tin . 

: 4,000 

10.000 

20.000 

40,000 

5,7.000 

S.7,000 

100,000 

Nicki'l . 

Xil 

. lOO 

1 ,700 

! 7.70 

2,400 

7,500 

1 1.000 

1 Alnmmmm 

Nil 

Nil 

Nil 

a 10 

175 

7.500 

20,000 

tlmeksiU ci 

: 1,000 

1 1,7.70 

2,800 

:lo.7o 

:{,ooo 

2, .‘{00 

.2,70(0 

1 B.lvor . . 

soo 

SOO 

1,750 

2,r)00 

4,400 

5,000 

5,()00‘ 

(told . 

IS 

100 

Ibl 

100 

LSI 

:{!)2 

()i:{“ 

1 i’kitiimm . 


0 .7 

- 

:{ 

;{ 

5 5 

(0 


1 In million tons. 


innC) 

J l')n:). 



J.atteily the yearly outinits of some of the nior(‘ im])ortant ores 
have Ix'en : 


Iron ()!■('. 

.Maniiancsc on- 
( ’hromiiini oio 
AiNtMiic ore 
Ant iinoiiy, im-tal 
WolliMin ore . 

Mol> Ixlcniun ore* 

Cohalt, ini'lal, in eobaJl c «)in|M)iin(h 

Bismuth, metal 

Cadmuim 


soirn* imOOO.tMHI ton-- 

l,ooo,t)on ,, 

70.000 „ 

10.000 
7,oOO „ 

.*{,000 to 1,000 „ 

lOOtoLMM) „ 
too to 200 ., 

probahlv 2t)0 

20 „ 


^Jdic world’s production of those nubals which are niort' importtint in 
the maimfiictures namely, iron, lead, zinc, copper, tind tin, has roughly 
doubled itself fairly regularly in p«‘riods of abtuit Iwentv years, though 
with SOUK' metals, cojtper lor insta.nc(‘, llie ittcretist' Inis of late been at a 
greattu* rate. A similar rapid iulvance may be assumed for the jiresent 
and following detaides. With such metals as have more recently found 
application in the manufactures, nickel and aluminium for instance, the 
advance is and will be more noticetible than with those wliich have long 
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been applied. On tbe other hand the [)r()duction of silver, since the p’cat 
drop in price in 1893 and 1894, has reniaified practically constant, which 
since the close of the late 'seventies has also been the case witli quicksilver. 


PlUCKS IN SinLLTN(;S ]»Ell Kilookam 



, IS.'iM. 

L.SOO 

IS7I). 

ISSM. 

; isMM 

ISM.7 

I'lOl) 

I'lO.') 


IlOIl 

0 044 

0 or>4 

0 0.71 

0 OOfi 

0 048 

0 047 

0 000 

0-0.72 

0-07.7 

L<';ul . 

; 0 :\r> 

0 14 

0 27 

OICl 

0 27 

0-21 

0-24 

0 28 

0-28 

ZlIK' 

. 1 o:n 

0 :}s 

0 ;{() 

0-20 

0 1.7 

0 20 

0-40 

0 .70 

0-17 

( '()))l)Cl 

. 1-70 

2 O.l 

1 to 

i:}o 

1 10 

0 88 

1 47 

■ 1-40 

1 70 

Tim . 

1 100 

2 00 

2 ,70 

1-75 

1 00 

1-27 

2 00 

2 80 

, 2 40 

Nickel 

I 

' 8 

S ' 

7 

‘ 4 

2 70 

2-00 

. 2-27 

2 ‘',7 

AluMiiniMin 



100 


17 

.2 00 

2 00 

2 27 

2 27 

Qiuck^ilvt't 

. 0 (H) 

4 2.7 

1 7.7 

:{-7.7 

7-2.7 

2 00 

7 27 

1 27 

1 00 

Silvei . 

ISO 

IS2 

ISO 

17.7 

142 

87 

82 

82 

SO 

I'latinuiM 



o:{,7 i 

OOO 

1000 

1477 

2100 i 

2000 

2.700 


In addition the followin'; prices ha\(' of late years Ix'cn paid for other 
less iin])ortant metals and ores : for 1 ko-. of metallic arsenio, 1-20 shillings ; 
1 kg. antimony 0-70 l-hO; 1 kg. cadmium 1-0 tM) ; I kg. lusmuth 7*0 
15*0; 1 kg. native sulphur 0*09 O-IO ; I kg. sul])hui‘ in ])yritc 0-()32-0-015 ; 
1 kg. of manganese in manganese ore 0-08 0*12; 1 kg. chrome oxide in 
chromium ore ()-12 0-15; ] kg. tungstic acid in w olfram on' 24) 5*0 ; J kg. 
cobalt in cobalt ore 5-0 J0*(); 1 kg. molybdenum sulphide in moly))d(*uum 
ore 2 0 3-0 ; I kg. of thorium oxide in mouazit(‘, sand about 25*0 ; and 
i kg. of rutile O-bO 0-75 shilling. These ])rices arc naturally subject to 
consid(*ral)le variation. 



nilMAllY AND SECONDARY DP.PTH-ZONIiS 

PiUMARV depth- zones are those ooiu‘ti(;ally connected witli the 
phenomena of a deposit’s original formation and dej)endent upon 
those phenomena. They originate thronyh chang<‘s in tem[)erature and 
pressure when deposits \vere heinii; formed be mimn-al-beariny solutions. 
tSince tlie vi'rtical measurements (NsstmtiaJ to a difference of pressure can 
only occnir with steeply -imTiuKl dejiosits, the occurnmee of sucli 
})rimary zones is limited to lodes and ma^miatic se^re^uitioiis. With 
lodes tln^ mineral solutions in yriniter depth naturally were under greater 
pressure than those neai'er the surfac(‘, w^hile with ma^ymatic dejiosits 
wh('re till'! v(*rtical extension of the still molten d(‘posit was considerable, 
a separation of the ores in respons(‘, to differences of pressure and of 
tempera tur(‘ must likcwvise hav(' takiui place. 

Primary difhu’imces in the character of the ore and in the nature of 
the miiKU'al association a7‘(^ found with nninv lodes below the zones of 
secondaiy alt imition and inde[)end(*nt of those zones ; and thouyh in conse- 
(juence of the comparatively shallow' d(‘])ths to which mininy jxmetrates 
the cases where this is establislu'd are fewv compared with those w here this 
ha.s not b(‘en possible, these depth-zones are probably fairly general. It is 
but natural to assume that with temperature and [in'ssure varviny accord- 
ing to de])th, lodes at a depth of siweral kilometres below' the surface 
as it existed at the tinu' of their formation would have a character quite 
different from that which they W'ould |)ossess near that surface. Depths 
of one and a, (juarter to one and a half kilometres below the present surface 
are to-day however seldom reached since by far the largest propoi’tion of 
development work upon lodes does not extend to more than one-half^ 
three-quarters, or at most one kilometnn 

The occurrences mentioned below^ illustrate variations in primary 
deposition. The tin-copper lodes of (k)rnw'all carry copper ore in their 
uj)p(‘r levels where the country-ro(^k is chiefly slate, and tin ore in their 
lower levels wnthin the granite w'h(‘re copjier ores practically speaking 
no longer occur. B. von (’otta^ mentions that in the neighbourhood 

' Vol. I. p. 128. 

209 


VOL. I 


P 



210 


ORIi-DH POSITS 


of Seiffen, that is in tlie Erzgebirge gneiss, many lodes winch carry tin 
in their upiior levels become argentiferous copper loih's in depth. In the 

(huisthal di.striot sphalerite in- 



Fir;. tiii-( oi'pio ^ll^tlu■t ol Coinw.ill 

Till- lodfs iualtriinj,Mti. n stnKr alh i als<» then lillni;.' 


later the cvideiicui ut St. Aiulreasberi; 
eiirichinent of poor j)revioiKsly-existin<> 
eonsc(iUcnc(i of tectonic ]>heiioin(‘na. li;i 
til min, u to nnusiinlly gri'at dejiths. 


(‘veases iti depth at tin; expense 
of galena, which latter prepon- 
derates in the ipiper levels. No 
sharp boundary however exists 
between the two classes of ore, 
one gradually taking the place 
of the other. It was formerly 
souglit to ex])lain the striking 
dihereiice between the ore of 
the Claiisthal lod(\s and that 
at St. Andreasberg as due to 
primary variation in dejith, on 
the assnni])tion that the vary- 
ing distance's of the lodes from 
the granitic bt'iieath had caused 
corresponding variations in de- 
position, the granite being 
lurlh(‘r assumed in each case 
to have sup])lied the material. 
As however vill b(‘ (explained 
rather jioints to the secondary 
silviu or(‘s, which (‘nrichment in 
s to-dav the a,ppeara.nce of con- 


Canibr'po H dl 



The change of the. ore in depth experienced in the Obcrlmrz may also 
be observed in the lode.s of the Illiine slate country. While formerly lead 
ore chiefly was obtained from these, and hut little zinc m depth the 
proportion between these two has strikingly altered in favour of the 
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latter. Below tke sphalerite again, in the Castor Mine in the Berg district, 
siderite set in so quickly that shortly after its first appearance th(‘ d(‘posit 
b(^cainc un[)ayabl('. In tliis district therefore the se(piencc of (bq)th-zoncs 
is first galena, then sphalerite, jind finally siderite. Th(i sid(‘iit(; lodes oc- 
curring in the Lower Devonian of Siegcrland carry snlpliides sometimes to 
a considerabh^ extent, these including chah'opyrite, gahma, and sphal(‘i-ite. 
Further development has shown that these snlpliidci ores are limited to 
the upper lc\^(ds and that siderite makes its appearanc(^ in d(q)th, a (diange 
which in part must also l)e regarded as referable to ])rimary deposition. 
In a mine near Argelcze-Oazost, on the north slope of the Pyrenees, galena 
is similarly replaced in depth by sphalerite, whil(‘ according to the manage- 
iiKMit, above the galena cassiterite was fin-merly occasionally found. A 
similar tin gossaii has also been observed in the Freilxu-g distiict. The 
steeply-inclined copper deposits of the Rio Tmto district exhibit in the 
primary zone. Ix'low the gossan and the enriched zone, a gradual but 
constant deciNaise in the copper contimt, a (h'crease which is probably 
connected with the [)iimary deposition. The tin lodes of Bolivia carry a 
good (h‘.al of stanniferous pyrite which becomes j)oorer in depth, an im- 
poverishmcjit ^vhich likewise app(‘ars to ])e primaiy in charac^ter. 

S(M‘mg that larg(‘ magmatic st^gregations occur comparatively seldom, 
the evidences of such primary variations with this class of di'posit an' 
meagn*. findging from the figures of production from tlui nickel-])yrrhotit(' 
de])osit of Sudbury, (dinada,, one of the most important of these occur- 
renc(\s, it would appi'ar that both tlu^ copper content and the nickel content 
fluctuate (H)nsiderablv in depth, such Huctuations probably being also 
primary. 

Since j^n'ssnre and Pmqieraturi', which arc regarded as causing these; 
variations in primary (hqiosition, geiK'rally promote the solubility of sub- 
stances, those then wdiicdi an; the mon' (‘asily dissolved waiuld sejiaratc' the 
less readily from solution and would con.sispiently be found in the neigh- 
bourhood of the surface. This is jirobably the reason wdiy minerals which 
form many easily soluble compounds are found in the upper levels. Again, 
diiferences in the; filling of deposits, such as may be referred to change of 
tcnijicratun; and pi'cssure, may main; themselves evident not onl} in the 
particular ores dej.iositcd but also in the internal structure of the (h'posit. 

Primary (h'pth-zones are naturally often connected with impoverish- 
ment or enrichment. Nor are th(;y confined exclusively to the on\ 
they occur also with the gangue, although the observations in this con- 
nection have so far been few. (lahite for instance in some districts is 
found to a large; extent above, and (j[uartz behnv. In many cases ore in 
the upper levels passes over to gangue in greater depth, an occurrence 
to be described as primary. Examples of this occur with the copper and 
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cobalt lodes at Kanisdorf which regularly become poor when leaving the 
Zechstein foianation to enter the (hdm wdiere they contain gangue only. 
The manganese lodes at lli’eld pass to barite veins in depth while those at 
Elgersburg similarly often change their manganese content to luTmatite. 

Ju establishing the vwtical sequence of primary deposition the figures 
of output over long yeai'S are often useful when care is talani that only 
those quantities are compared which really do follow one another down 
along the lode- plane. 

When a fissure has been opened more than once it might well happen 
that the minei-als first deposited become supplanted by others and 
the appearance of primary variation is falstdy presented. Jiornhardt 
for instance showed that with the lodes in Siegerland the quartz is younger 
than the siderite wdiich it has partly replaced. Since the solutions con- 
taining the silica came from depth, the deposition of (piartz is often most 
noticeable in dc])th and wfiicii sili(;ification is complete (juartz follows 
siderite like one depth-zone after another though none such exists. 

In coiiseqiumce of the comparatively shallow' d(q)th to which mining 
j)enetrates it has not vet been possible to evolve regular laws for these 
variations in jnimary deposition. It must also be remembered that the 
surface in any mineral district to-day is considerably lower than that 
which existed wdien the lodes were being formed. 

Ore-beds on account of their small vertical extent ])resent as a rule 
but few opportunities for the observance of jirimaiy variation in dejiosition. 
The dift’erenc(‘ ladween the ore cairied in the hanging- w'all portion of the 
pyrite bed at Rammelsberg and that of the foot-wall, illustrated in Fig. 
Jfil, may how'ever be regarded as jn-iinary and probably as resulting 
from a difference in the composition of the solution. 

Secondary depth-zones are those zones formed at different horizons 
below the surface by subsequent alteration of the material of the primary 
deposit though otherwis(‘ independent of the primary (h'position. They 
consist in the chemical alteration of the ujiper portion of an ore-deposit 
to an oxidation zone and to a cementation zone. 

Where a deposit of whatever origin comes to the surface it is attacked 
by the jirocesses of weathering ever active there, the t*ffective agents of 
decomposition being the oxygen and carbonic acid of the atmosphere 
and of the surface water, this latter containing various salts and other 
acids in addition. Some ores, as for instance magnetite, specularitc, 
cassiterite, etc., are extremely resistant ; others, particularly the sul})liide 
ores and siderite, readily decompose and their decomposition products 
in consequence are those most noticed in ore-deposits. In many cases 
this action of the surface agencies extends deeper than the gossan or 
oxidation zone, in that the descending solutions de{)osit again in a 
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position below tlie metal which they leached above. Below the oxida- 
tion zone therefore, which represents a zone of leaciiin<^, another may bo 
recognized in which precipitation occurs. This is termed the cementation 
zone. 

The dcj)th to which the action of the surface agencies extimds varies 
greatly. Jt depends not only upon tlie greater or l(‘ss resistance wliich the 
deposit offers to decomposition but also upon the contour of the district 
and more completely still upon the climate and the levtd of the ground- 
water. Above this level a continual movement of air and water takes 
])lace and decomposition is consequently greatest there. Since erosion is 
ever levelling the surface, the produed.s of this decornpositio]! arc not always 
and everywhere retained in ])osition. Should the effect of erosion moi’o 
than counterbalance that of deconq)osition the products of the latter are 
at ojice removed and the orc-de])osit appears at the surface iji its original 
])riniary condition. Tf erosion be. less rapid than decomposition tlnm in 



(']i;in'4L‘ 111 tlie coDijiosil loll ()( tlif ok'-IkmI fiom tlie 

to tlio (oot-wall, coiisuleiiMl to la* .i piiinarv v.iriation. 

the case of every deposit readily attacked, a certain deptJi which has sur- 
rendered to the forces of alteration becomes retaiiuid as the oxidation and 
cementation zones. 

In regions of intense glaciation any weathered zones previously formed 
usnally become removed by ice movement. In Scandinavia, for instance, 
where during the Diluvial period fJie surface was worn down by ice, the 
occurnMices of magnetite and hmmatite have a WTathered skin often so 
thin as to be measured in inches, while even the easily decomposable ])yrite 
deposits there have a gossan which w^here most pronounced is oidy a 
few^ metres deep. The saiuc observations may be made in other districts 
such as the Pyrenees w hich have similai'ly suffered from the actioji of ice. 
On the other hand in coimtries where the climatic conditiojisfavour w eather- 
ing, deposits generally show well-defined zones of alteration. The pyrite 
deposits of the south of S])ain have a gossan w'hich gimerally continues 
10 m. but often from 15 to 10 m. below the surface, below which again the 
cementation zone continues for some d(‘pth. In Si(‘gerland the siderite 
lodes are in greater part altered to limonite to a depth of GO m. and more. 
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In other countries with deeply-cut valleys and wliore deposits of iron, 
copper, lead, etc., occur, the phenomena of alteration are often found to 
extend in deptli even to several Imndred metres. Most pronounced 
exam])les of dee]) weathcrin^jf are afforded by the eop])cr lod(\s of Butte, 
IMontana, the deposits in Chili, in the Urals, in Arizona, and by the lead- 
si Iva'r de})osits of l^ureka in Nevada. 

The rich ores of the cementation zone are nsually ])resent in amonnt 
so much the j^rcater as the processes of oxidation and leaching in the upper 
portions of the de])osit were the more intense. Eroni this experience 
arises the miners' proverb wliich says ‘For a lode nothing is better than 
that it should have a good iron liat.' 

The alterations which bring about the migration of the metal content 
are in part of a complicated nature. In some cases juinerals are pscnulo- 
morphically transformed, thus ])yrite or siderite into limonit(^ ; galena 
into anglesitc, etc. More ofteji however some of their constitiumts go into 
solution, chielly as sulphates, in which condition they b(‘Conu^ removed 
to be subsequently d('posited at some other ])lace more or ](‘ss distant. 
By this removal tlie gangue usually becomes loose, ])orous, spongy, or 
even somewhat brecciated, in a manner to render the subsequent op(n‘ation 
of mining considerably more easy. In addition it oftini happois that it 
is the less valuable constituents, such as the sul])hur vith gold lodes, 
which arc thus removed, the original sulpliide on^s thereby becoming 
changed to the more easily treated oxides, carbonates, chlorides, etc., or 
even to the metallic condition. Native gold is accordingly often found 
in the secondary zones of auriferous d(*])osits whereas in the jnimary zone 
it is more often associated with pynt(‘. AVitli silver- or lead-silver lodes 
again, the sulphide ores in the primary zone arc often so intimately inter- 
grown as to be difficult to treat, whereas tin* weatlnui'd zones on tin; other 
hand are found to contain cerargyrite, initivc silver, ccuussite, etc. With 
many cop])er deposits the sulphide ores in depth are di.sseniinated througli- 
out a larger amount of pyrit(‘ too poor to work, whereas m^ann’ the surface 
carbonates, oxides, and native co})])(‘r, oc,cur freed fiMyin the iron which in 
greater part has been removed or r('-deposited sc])arat(dy. Eor zinc ores 
the occun'ence in Upix-r Silesia where w4iite and red smithsonite in the 
oxidation zone repre.sent splialerite in depth, is characterisl ic. With many 
of these metasomatic zinc diqmsits mdv the oxidation zomi is payable, 
the sulphide ores of the primary zone beirig too poor to woik. 

The occurrence of large bodies of ore in the, alBu-atiou zoih's of deposits 
wdiich HI the primary zone, in striking contrast thereto, exhibit a disappoint- 
ingly low metal content, may in jnauy cases only be explained u])on the 
assumption that the metal in those ore-bodies has inigrated froin a con- 
siderable depth of deposit since eroded. Or in other words it may be said 
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that the descent of the metals in solution on the one hand and the continual 
removal of the leached portions of a de])osit by erosion oji the other, may 
result to-day in the concentration within a small veiiic^al measurement 
near the surface of considerable quantities of metal which were originally 
distributed more or less regularly throu,<^dioiit a V(‘ry considerablv giu'ater 
depth previously existing but now eroded. The zones of alteration may 
therefore be of ^reat economic importance thoui^di in this connection the 
oxidation zone must be separated from that of cementation. While in the 
oxidation zone the oc.currencc' of rich pockets of oxide ores is frequent, it 
is only with the metasomatic l(‘ad-zinc d(‘posits that the material of this zone 
constitutes the chief object of mining. The exploitation of the cementa- 
tion zone howev(‘r frequently of itself constitutes a profitabh'. muhu’taking. 
The famous old rich silver (hq)osils of 1‘otosi, Oruro, etc,, in Bolivia; of 
Bas(a) in P(u*u ; (lianarcillo, (‘tc., in Chili; the deposits of Ouanajuaro, 
Zacatecas, etc., hi Mexi(*o; of Broken Hill in New South Wales; the copper- 
silver deposits of Hutte, in Montana ; th(‘. (JopjKu* (le])osits of Arizona and 
of the Urals, all owe their importance in greater part to accumulations 
of ore ill tlu^ zones of alteration. 

In th(^ following paragraphs dilTerent ca,ses of alteration are discussed. 

Siderit('. changes sometimes to limonite wlum a diminution of volume 
to the extent of lO'h per (ient lake's j)lace, and sometimes to haunatite'. 
It is however worthy of reunark that pseudomorphs of these two minerals 
after siderite^ which show ]\o sign of diininution in voliune, have often 
been foiuid at Ihlbao, Siegem, and elsewlnu’e. At other places side'rite 
beconu's dissolved by carbojiii*. acid in solution, the iron becoming after- 
wards j)recipitat('d eitlu'r by oxidation or by the escape of free carbonic 
acid. In tins way limonite may be (h'posilcd in one place and manganese 
ore in another, though in the original siderite both metals w^crc in the 
closest association. Clean niang.iuese-iron ore may therefore often be 
present in the gossan of siu'h ch'posits though tlui original siderite may 
only have* contained 5-7 per c('nt of manganese. Solution and sub- 
seqiumt precipitation of iron in this manner gives rise to drusy cavities 
and stalactites of limonite, such ore- in conseqiu'uce often showing a 
ri'iiiform structure, that is one*- of (amci'iitric shells with an internal radial 
structure. 

J^yriteupon dcconqiosition generally forms limonite or some other iron 
ore, but sometimes ferric sulphate whii'h passing into solution exerts in 
its turn a solv(*nt action upon many suljihide ores and partiiuilarly those 
of copper : fi'-rrii' sulphatix as pim-iously mentioned in the chapter on 
mineral formation, also dissolves na-live silver and gold. In this way in 
the huge; jiyriti; deposits of the south of Spain the cop])er near the surface 
togeth(*-r with the acconqjanying small amount of gold and silver became 
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leached and, after a descent during which any remaining oxygen was con- 
sumed, deposited again at tlie contact of the gossan and the pyrite 
beneath, jis the result of the reducing effect of that ])yritc. This 
occurrence is illustrated in Fig. 12. In the lower portions of the gossan 
of these deposits native sulphur is also occasionally found, its presence 
being explained ])y the fonnula : Fe,(SOj)^ CuS = 2FeSO^ -f CuSO^ + 8. 
Below the gossan, copper both from the gossan as well as from the portion 
of the original deposit which has been eroded, becomes deposited in the 
zone of cementation which is therefore always the richest portion of 
these deposits. The decrease in the copper content which is noticeable 
at depths of 150 .‘lOO m. or well under the ground-water level, is how- 
ever })robably rightly regarded as ])rimary in character. 

With the copper deposits of Butte in Montana, whicli are quartz 
lodes carrying argentiferous pyrite and chalcopyrite as the primary ores, 
the copper in greater part is leached from the out(u*op down to a depth 
of 100 m. more or less, so that these lod('s at first W('re worked for silver. 
Afterwards below this zone very rich copper ore (“onsistiiig chielly of 
chalcocitc and bornitc was found, in which tlie copper leached from the 
silver zone above was to a great extent concentrated. Sucii an occurrence 
is termed by American investigators ‘ sul])hidic (mrichment.’ Brimary 
ore in these lodes at Butte was first encountered below and ofteii (‘onsidcr- 
ably below the ground-water level, an ap])earan(H5 probably consequent 
upon subsequent tectonic alteration of that level. 

At Ducktown in Tennessee, vherc the primary ore, is pyrrhotite, a 
typical gossan is found near the surface. Ih'low this however, very rich 
copper ore consisting (;hicfly of chalcoc.ite and cuprite occurs forming an 
enriched zone which contains not only the primary copper but also much 
of that leached from the upper portions of the deposit. 

Where solutions containing car})onic. acid are in active circulation or 
where limestone or dolomite form the (H)iintry-rock, azurite, malachite, 
cuprite, tenorite, chrysocolla, etc., occur in considerable amount as the 
products of the alteration of copp(*r deposit.s, as for instance in Arizona, 
in the Urals, at (Tossy near Lyon, and at Burra Burra in South 
Australia. 

With the tin-copper lodes of Cornwall also, the coj)per is in g]'(iater 
part leached from the gossan. In the primary ore, immediat(‘ly below 
tliis, copper ores occur with but little tin, and then again in great('r depth, 
and as a part of the ])rimary de[)Gsition, tin ores with but litth^ cop})er. 
In working these lodes three stages have cons(M[uently been not(*d : the 
first during which the mines were worked for the iron and tin in the gossan ; 
the second when the mines were worked almost entirely for coppc'r ; and 
the third when in greater depth tin almost exclusively was produced. 
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Tlio tin lodes at Mount RischoU in Tasmania were also capped ])y a gossan 
whicli was there spoken of as the ‘ Brown Face ’ (Fig. Iho). 

The tin of the tin-silver lodes of Bolivia, in so far as it exists as cas- 
siterite, sutlers no removal dining decomposition of the lodes m‘ar the 



l'’ia. 1(55, — -(Jossiui loniialion witli llu* tin loilcs :it Mnunt Uischotl. ’I’lu' so-calleil J-Jidwu Imci*. 


surface; that however wliich occurs in stannine goes, together with the 
silver, to enrich the cementation zone, while the iron of the pvrite is 
remov(‘(l. According to Stelzner ^ the so-called wood-tin, which hitherto 
has only been met in the upjier lev(*ls ol tin lodes in Cornwall, Bolivia, etc., 
and in gravid-deposits, is a decomposition product from stanniferous 
pyrite and stannine. 


Zcit f piakf Ui’ol , 18117. 
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Galena in weafcherin; 2 f generally becomes altered to the sulphate, 
anglesite, though when carbonic acid is present the difficultly soluble car- 
bonate, ceiMissitc, is buaned. Pyr()morj)liite the ])hosphate and nhnietite 
the arson at(i occur h'ss frexpientJy. 

Sphalerite wi'athers chiefly to the carbonate, sinitlisonite, and l(\ss 
frequently to the hydrous carbonate, hydrozincite, oi’ the silicates, henii- 
morplhte and willeniite. Such a change as was mentioned on p. 211 is 
in fact an (‘nrichment so that with inetasomatic lead-ziiu; de})osits the 
oxidation zone may be payable though the primary zone may have but a 

^ _ ^ low metal content. Any pyritc ])resent becomes 

changed at the same time to liniontitc. 

decomposition of anscnic ores generally 
produces arsiniates, such for instance as erytlirite 
- - ^ from smaltite ; annabergite from chloantliite ; 

" Koofciii'/'' ^ addition arsenolite from rc'algar and or- 

^ } * ])imeiit. Those arsenic ores iiowever wdiich are 

, /y/- ’ f ' associated with a considerable iron contiuit be- 

■ ,V ' \^\rj t'-j S eome decomposed in a manner similar to pyrite; 

W’y /;f\V "/ \ the iron b(‘Comes separated a,s oxide or 

' ' ' hydrate while the arsenic and sulphur are in 

. ; ‘ gnniter part removed. If gold !)(' associated with 

^ w '■ * ^ ' arsenopyrite, as at Ilussdorf in Silesia, this be- 
-V^y y. comes leached from the oxidation zone to b(‘. 

deposited in the cementation zone beneath, 
i'i(. ibo s.(‘nii.iai\ aitn.i- \\ liicli again the inffinarv ore ])oor in gold 

tloll ot |iVt lt(‘ io lllilolilt*^ lllf , ^ ^ ^ 

cliy i.|)U‘M‘iits 111 .* .iiniiniia is foiiud. hToiu th(‘ sulpliidc antimouy ores 
111“,' hlill sonKJtiiiics autimonates arc and some- 

.ic[).)siN oi Cppi'i times valentinite, senarmontite and })>T()stibite. 

Gompounds of bismuth, wajlfram, vanadium, 
chromium, and molybdenum, arc less often foimd in the gossan, though 
the lead-wolframate, stolzite ; thti lead-chromate, (U’oeoisito ; and the lead- 
molybdate, wndfenit(g perhaps deserve mention. 'J’he sulphates, chlmidcs, 
etc., arc also not of common occmrence. It in addition it be added that 
wdiere the original minerals or the surface winters contaiiUMl but a small 
amount of ])hosphori(; acid or uranium, the. phos])hates and ura.nates of 
the heavy metals, as for instanc(‘, pvromorphite, kakoxen, manimn-ochre, 
and uranium-mica are formed, it b(*.comes evidemt that the gossan or 
oxidation zone of ore-deposits contahis a greater variety of mimnaJs than 
the other zones. 


-j 

Fi(. lt)0. Sf(‘ninl;u \ alt< i.i- 

tloll of |iVt itc io llliloliita 'I’Ih' 
cl ly ii |)U“'(‘iits ihc .ilniiiiiia 
CDiitciit "i tlu iiii]mic limestone 
IllnstiatiMii talu'ti fiom tlie/iiic 
ilc[)i)siN «•( rppci Silc^ia. 


The plentiful occairrence of the cldorhhg bromidtg amd iodide of silver 
as waffi as m(‘taHi(^ silver in the niany famous sihan* d(‘.posits in (Tili, 
Ihdivia, Peru, Mexico, and in the desert regions of the Rocky Mountains 
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and of tho Sierra Nevada, as well as in many cases in Australia, lias been 
attribntial by some authorities^ to the entry of sea-water along fissures 
and lodes. Tn support of this view it is rpioted that at Chanareillo the 
relativ^e pi'oportions of eiilorine, broniiiu‘,and iodine in the lodi'S is the same 
as that obtaining in sea-water. Against this howevTr IVnrose ^ mentions 
the fact tliat in almost all the above (*as(‘s the outcrops are in the neighbour- 
hood of saline lakes or marshes and that these halogcms ar(‘- consiapiently 
derived from surfaces salts, lie refers also to the occnrrenc(‘ of the basic 
copjjer chloride, atacamite, at the outcrop of t in' sulphide co[)per lodi'S in 
the Atacama desert. The small amount of silver chloride occurring as 
c.erargyrite in the U])])er jiortions of the Euro^iean silv(‘r lodes, a,t hreibiug, 
Johanngcorgenstadt, Kongsberg, etc-., is snlliciently ev])Iain(‘d bv the 
sodium chh iridic in the ordimuy drainage water. In [ilaces elsewhere 
large accumulations of the chloridi'. such for instance as thos(‘ at Hrnken 
Hill, may also b(‘- explained in this manner. Ajiart Irom the totally 
diilerent charact(U’ of the ores in tin' (h'posits just mentioiK'd thes(‘ occur- 
r(‘n(‘-(\s dilTer also from those on the w(‘st coa,st of »South America in that 
they are unaciaunpanied by the corresponding compounds with bromine and 
iodine. Of thesis silver ores in Bolivia, varieties tmamal jiacos, mulattos, 
and negrillos, are din’erentiateil. The first ar(‘ the greatly decomposed 
and ])artlg chloridized oxidation ores which oc.cur in giiait ([uantity in the 
d(‘posits of Potosi, Oruro, etc. ; the last are the dark undecomposed 
sulphides from dcjith ; while the mulattos represent the own intermediate 
between those two. 

With auriferous dcjiosits tln^ ])henomeua of decomposition an^ jiaiticai- 
larly important. Where telluride gold ores (‘xJst in depth, weatheiing 
wlien given full jilay so effects iheir destruction that near the surface 
only metallic gold appears, d'his is tln^ case in Western Australia, ( ri])])le 
Crei'k, and in occurrences in the Bocky Mountains, ihe tellurium is 
usually completely removed or retained only to a small extimt in such 
secondary mineraJs as tellurite durdenite Pe(l eO ,) , -j- 1 1 1 ,0n 1 e(),, 

ferro-tellmite, and magiiohte Ug/Bd),. etc. The tellurides ajiparently are 
readily deconpiosi'd. Tn those districts therefore where tliey come un- 
decomposed to the surface, as at Nagyag in the Siebenburgen, at 
ITauraki in New Zealand, etc., it is jirobably the cas(‘ that the oxidation 
zone within rt'cent geological tinu‘- has been eroded. Ihe paiticulaily 
remarkable fact that, with these auriferous telluride dei>osits, there is no 
enrichment in the zone of cementation is discussed latiu' in tlie chapter 
dealing with those lo(h‘S. 

* M.x'sla, Urho da., Vorlommcn dn Cldor , Ihon,-, and d odrnbi udmaf a bc^audn., in 

C/itl^i 

“ ‘The Supcrlicial of the Oie- Deposits,' Joinn oj dcol U , 
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With the ordinary sulphide gold deposits these being those quartz 
lodes or beds where in the primary ore the gold is almost exclusively associ- 
ated with sulphides -the gold occurs in the gossan in the free state, con- 
stituting what is known as free-milling ore, that is to say, ore from wliich 
the gold can be won by simple amalgamation. Below this zone, whicli iti 
consequence of leaching is generally poorer than the primary zone, there is 
a zone of enrichment in which the gold leached from tlie portion of the 
deposit still existing above as well as from that long since eroded, becomes 
precipitated by the primary undccomposed sulphides. The native gold 
of ciystalline character found plentifully in isolated places upon the Wit- 
watersrand was doubtless formed in this manner. J. R. Don also explains 
the frequent occurrence of large masses of metallic gold in the U])])er 
portions of many Australian lodes in this manner. It is worthy of note 
that such re-deposited gold contains less silv(‘r than the gold from the 
primary ore. In rare cases a relative enrichment in the oxidation zone 
may occur by the decompositioi\ and removal of the pyrite without the 
concomitant solution of the gold. 

From these consideratioTis of the secondary d(q)th-zones the follow- 
ing generalization may be made. Where deposits of whatever genesis 
come to the surface atmospheric waters ])enetrating into them produce 
by their power of solution some migration of the nudal content. The 
metals go into solution chiefly as carbonates, sulphates, and chlorid(\s, and 
while some of them in this manner become transferred to greater depth, 
others imm(*diat(‘ly become precipitated near the surface foinning there 
the ores characteristic of tlui oxidation zone. Almost all ore-deposits 
contain iron in considerable amount as pyrite, and as iron in the pr<\sence 
of oxygen is difficult to keep in solution, this metal becomes preci})itated 
more quickly than most of the others. An enrichment of iron therefore 
takes place in many cases at the surface, sonudimes to such an extent 
tliat the oceairreiK^e is termed the iron cap or gossan of the. de])osit. hiven 
where the amount of iron so precipitated is small its brown colour is 
always plainly to be seen in the fractures and cracks where oxidation 
has been active. 

That [)ortion of the heavy metals which docs not thus become fixed 
in the oxidation zone descends in solution till it is pre(a])itated by the 
reducing effect of the primary sulphides in the cementation zone, either 
in the metallic form or in that of rich sulphides ; those metals which have 
little affinity for oxygen, such as gold, silver, copper, etc., b(‘come precipi- 
tated in metallic form while among the sulphides those of co])per and 
silver are the more inqmrtant. Jn this C(‘mentation zon(‘ not only may 
the metal which was formerly in the oxidation zone be concentrated but 
also that which existed in that larger portion of the deposit which since it 
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was first formed has surrendered to erosion. On account of their richness 
the ores whicli characterize this zone are very important. They liave 
already been given in the chapter on orc's. Hclow this cementation zone 
follows the primarv zone. These three zones, oxidation, cementation, 
and primary deposition, contain ores so dillerent in character and metal 
content and so various in amount that each demands a separatt; in- 
vestigation and a separate estimation of the metal quantities. 

The lower limit to the alteration zones may vary but where the j)}ieno- 
mena of decomposition by surface agencies are simple and complete it stops 
at the ground- water level. These phenomena are not of necessity^ present 
with every ore-deposit. They demand not only a certain nhniniuin ol 
rainfall but also a certain relation of erosion to the advanc.e of the clKunical- 
g(*ologica.l changes. When for instance erosion proceeds more emugetic- 
ally than chemical alt(‘ration no alteration zoiic remains to mai k tin' latb'r. 
This is the case when the rocks ai-e young and disintegration easy ; under 
such conditions the ore-de])osit may ap})ear at the surface in its primal y 
condition. When on the other hand erosioji lags behind, then a comph'te 
ju'otile of theoxidation and cementation zones mayrernain above theprimary 
ore or at least some portion of the (amientation zone will be present. 
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1. Ruhjcs. Tli(‘ tlillVroiicc in liarcliicss betwf'en IIk* material of a dej)osit 
and the count rv-rocic has at times much to do with the exprc'ssion of 
a d(',|)osit at the surface. When tiu? deposit as oftim happims consists 
chiefly of ([uartz, it is oonerally hardm- than tlu^ mi^jhbonriuy ro(‘k so 
that in conseijueuce it forms a more or less pronouiice.d wall or ridge. 
Laterite and surface detritus not only tend to hide such ridges but when 
they occur to any (‘xtent tlu'y protect th(‘ deposit from furtluT destruc- 
tion. Should th(^ ore-deposit be softer than the country-rock or should 
it on account of shattering be less resistant to erosion, tlu^ cours(‘ of such 
a d('posit be.comes marked on the surfac.e by a furrow, on either side of 
winch the country-rock forms a ridge. The most unfavourable case is 
when the de[)osit and the country-rock have approAimatelv tlu^ same 
hardiK'ss, when im indication based on prominence' or depression can exist. 
Most of the young gold-silv('r lodes and those sulphide lead-zinc de'posits. 
which form composite lodes in slate country, are' thus circumstaneHul. 

2. ColoHritKj. -The eixide ceunpemnds, particularly e)f many heavy 
me'tals such as those of iron, ceippew, anel nickel, ])e)ssess striking e*e)lours. 
Many eires contain irem either as a principal cemstitueuit as in pyrite, or 
accessory as in galena a.nd sphalerite. The' idlVct of surfae;e agencievs 
upon such ore's is to produce ferric hyelratc or ferric oxide', sei tkat at the^ 
surface the eire may be changed into a highly ferrugiimus mass, the' gejssaai, 
distinguishable from the couniry-rock by its brown eir red ceilour. 

Shejulel the primary elcposit ce^ntain sulph-arse ideal ceibalt anel nicke'l 
ores, these by weathering become altered te) the meire simple arse'idde's 
which arc elistinguished by their reel and greie‘,n ceileuir res])e'e'tive‘ly. 
If copper be containeel, then the gre3en carbeinate, malachite, the 
blue carbonate, azurite, or the bine-green silieaite, chryseicolla, may be 
formed. AVith many (Fposits also, tlie colour of the eires themselves is 
noticeably differemt freiin that eif the country-rock. Metaseimatic deposits 
of limemite and bauxite in limestone areas may be recognized by tlu'ir 
colour, even at a distance, when the vegetation is not too thick. 
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3. Alfendani Favlting.— In those frequent eases where an orc-de])()sit 
is at the same time a fault eausiii^S); a lateral dislocatic)!! of the beds jm'S('nt, 
the course of tli(‘, deposit, may be deterjiiined without the 1 h‘I|) of any oth(‘r 
indication by plottijig thos(i beds which iim easily distinguishable (uther 
by their petrographical characteristics or by the fossils they contain. A 
reliable topographical map or sketch is necessary and the object in \iew 
must be realized when the plotting is being made. This ])lotting imdJiod 
is particularly valuable in those cases where the lod(‘s carry ore only in 
depth. The sulph-arsenic,al nickel-cobalt lod(‘S in the Zec]ist(‘in contain 
nick('l and cobalt ores cliietiy betweeji the two termmaJs of tlui Kupfer- 
schifjer wliicli th(‘y displa.c(‘. Wlicn^ th(‘ surface is occupi(‘d by young(T 
Zeclistein or perhaps even by Trias no indication of ore may b(‘ observed, 
where tliese lodes outcj’o]) and the colours associated with nickel and cobalt 
are (mtirely wanting; the course of th(‘. lod(‘ may nevertheless be deteiJiiined 
by careful plotting. 

1. Springs. All (h'posits, and especially those v hick at the same* tinu* 
are aecom})anied by faulting, form excellent chaiinels for the ci]culalion 
of underground and spring water, in conseqiunice sjuings and water- 
issues in many cases are good point (‘TS to follow wIk'U pros])ecting. 
Moist s])ols cov(‘red with bright-giMaui vegetation on a slojx^ oth('r\vis(' 
dry desiu've close examination, esp(‘cia.lly if they are Siam to maintain 
a good limn tSuch occiiiTences may be observed at the outcrop of many 
of th(‘ lodes in the Harz. 

5. Planis.- -Soim^ ])lants need ceitain metal-salts for their proper 
growth and developmejit ; others when they take uj) certain salts show 
characteristic changes in leaf and llower. I’hese facts may in suitabh^ 
circumstances be found of use in ])icking up llu^ course of a lode. The 
violet, V Lnicd vtir. CdJdminaria which gro^\s u})on zinc deposits ; th(‘, 
buttertly flower, Aniorpha Canescens Null., which grows on clayey plumb- 
iferous soil in Alissouri ; and a clove, Polgcarpuca Spiroslghs by name, 
which grows on cupriferous soil in Queensland and the ashes of which 
contain co])per, Jire examples of this peeiiliaritv. Other inflmmces which 
lodes in their course a])parently have upon vegetation may be ascribed 
in greater part to tlu’ juiture of the water carried in the lissure or to the 
poverty of the lode material in nourishment for })lauts. 

(). Fragmcnls of Ore in ihe Surface Detrilus. Fragnumts of ore, and 
of lode material are generally found along most di'posits. A lode with 
gr(',ater hardness than the ejiclosing rock gradually forms a projecting wall 
which ('ventually breaks, distributing its fragments within a long narrow 
width along its course. This occurrtmee could be seen a few^ years 
ago with many lodes in the neighbourhood of Felsdbanya in Hungary, and 
with the deposits of lead ore at Ziegeiihals in the Taimus. Such fragments 
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are generally arranged as a zone parallel to the strike of the lode and 
cJiieHy on the foot-wall side. A prospecting trench made at right angkfs 
to this direction and, wlieii the dip of the lode is not known, continued far 
onongh on each side, will generally result in the discovery of the deposit. 

Such fragments may be cari'ied by streams or landslides dowji to the 
valleys, tlierc to undergo concentration by w\ater. When seeking the 
deposit from which such fragments came, it must be Icept in mind that this 
must lie upstream from or above the highest point of discovery of the pieces. 
Similarly, it fragments or pieces are found in the surface detritus upon a 
slope, the deposit from whi(4i they were derived must also be sought abov(‘ 
the place where they were found. If fragments of a deposit occur scattered 
in laterite it may be reckoned with fair certainty that the original dej)osit 
is not far distant, since the rock [)ieces found in laterite come in greater 
part from iho country in the immediate neighbourhood. Cases occur, 
though less fre([uently, where the easily d(‘c,om{)osed and (*asily transported 
constituents of a deposit, gencu’ally the non-metallic ])ortions, have been 
removed whil(‘ the heavy constituents have settled down upon the original 
de})osit. 

7. Ma(pic(is)n. of (he Mineral'^. -The magnetic properties of certain 
minerals sometimes provide a valuable means of tracing and following 
deposits not vet completely developed. This method of search is 
termed magnetic prospecting, the principle of which is based upon the 
determination of the amou.it of deviation which a magmatic needle 
undergoes at different distances from a deposit or in resixmse to deposits 
of different mass. The measure of this deviation serves not only to 
indicate the pres(mc(; of a (h‘])osit but gives also a good idem of its disposition 
and size. Naturally only such ores ca,!i in this manner be demonstiated 
to be ])re.seut as exert a considiwable intiuence u])on tlie magnetic needle, 
and in consequence magmdic ])ros})(‘cting finds its gnaitest ajiplication 
with iron ores and especially with magnetite. 

The most simple in.strument to use in such jirospecting is the ordinary 
miner’s conqiass so arranged that it may not only swing horizontally but 
vertically. The area to be ])ro.spected is then laid out in small scpiares 
marked at the corners by wooden pegs. The amount of dc /iation is observed 
at each of these corners and entered upon a plati till finally in this way 
zones of greater, medium, and less deviation, become dctermiruHl. For 
more exact investigation the instrument known as the Tiberg clinometer 
is used. With this instrument the magnetism of the earth lioth in its 
vertical and horizontal components is eliminated so that any inclination 
of the magnetic needle is caused solely by the vertical component of the 
deposit’s magnetism. To determine the horizontal component the magnetic 
corrector of Thalens is employed. These methods which originated in 
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Sweden have been employed both in that country and in Norway with 
excellent results in the investigation of magnetic deposits, [)articiilarly 
those rich in magnetite. 

The electric properties of deposits may also be used in jH'ospecliug 
on the surface. Since generally speaking the material of a de})osit differs 
more or less in composition from that of the country-rock, an ore-(le])osit 
offers either resistance or conductivity to the elecdric currents str(‘amiiig 
within the earth’s mass at that point. Most ores arc bett(‘r conductors 
than the rocks enclosing them and the changing intensity in the ticking 
of an induction apparatus, the current of which is led to earth, may tliere- 
fore be of service in the search for deposits ; the ticking is louder 
the greater the resistance. Since however the material of an orc'-deposit 
c',an only make itself felt as a greater or as a lesser resistaiKJc, and 
this resistance is only indirectly dependent upon the juesence of ore, this 
property of an ore-de])osit can but seldom be of much service in 
prospe(;ting. A fissure filled with water or a bed dilTering materially 
fi'oni the others among which it lies would ind(‘ed prodiu^e the same 
effect. From experience hitherto it may therefore be said that the ch‘c- 
trical conductivity of an ore-de])osit can only come into question in 
prospecting wtien such a deposit occurs regularly in a formation from 
whi(ti both petrographically and with respect to its ch(‘mical-])hysical 
proj)erties, it differs materially. 

8. Old Workiru/.s. In all large mining regions whiiti have be(m known 
and w^orked for ages several distinct periods may generally be recognized. 
During the earliest the gossan ores and those of the cementation zone wau'e 
won. as far as the primitive means and the arts of mining and metallurgy 
then allow'ed. Work then w'as generally stopped at ground-waiter level, 
till later an advance in mining technology allowed a sec.ond attack to be 
made upon that deepen’ portion for which the jrwv e(|uipm(‘nt wins 
adequate'. These edd workings now' make themselve's evielent on surface 
(diiefly as subsidene;cs j)roduced either by the e*ollapse eif old shafts or a.ir- 
Imles, e)r by that of old stopes. 

A careful survey of these will in most cases give a goenl lelea of the 
extent of the deposit beneath anel at the same time of the disturbance's 
to which it has been subjected. With undisturbed occurrences, whether 
lode or bed, and with regular distribution of the metal content, tlie old 
workings form a long unbroken series. Where on the other hand a deposit 
is interrupted by transverse faults the resultant lateral dislocations are 
also disclosed by the broken line of these old w'orkings. If faults were 
numerous, or if the distribution of the ore w^ere so irregular that tln^ ancients 
mined the better parts only, the disposition of the old workings on surface 
would reproduce the same lack of regularity. 

VOL. I Q 
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Since the ancients, in consequence of the much higher prices formerly 
ruling for the noble metals, searched the surface most completely, the 
old workings, especially in cases of large lateral dislocation of important 
deposits, are a very important and reliable guide when searching for the 
continuation of an occurrence. 
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The classification of ore-deposits has liitherco been based upon most 
varied principles, namely : 

1. Upon morpholoery, tliat is form, outline, or extension. 

2. Upon content, on tlie basis of the characteristic constituent. 

3. Upon genesis, according to the views of genesis held at the tinie. 

The purely eni]>irical classification based upon morphology is simple 
for the practical miner who arranges his method of working u])ou the same 
basis. This systenn in consequence is much advocated even to-day in 
text-books on mining ; for instance by Callon, Neve Foster, Lottner-Serlo, 
Kohler, etc. Scientifically however it cannot be d(‘fended because it 
lays the greatest importan(*e upon but the external projierties of a deposit. 
The classification according to content, giving jirominonce to the most 
important metal jiresent, e(;onomically speaking, is in many scns('s a good 
arrangement, esjiecially from the jioint of view of metallurgy and 
political economy ; it howce^er takes no account of the geological position 
of the deposit. .4 classification based entirely upon genesis is without 
doubt the most scientific and the best principled, ft (uicounters however 
even to-day great difficulty in that the origin of many deposits remains 
c-onqiletely obscure. Defore giving the classification which the authors 
considi^r embraces all the jiresent- known circumstances and properties 
of deposits, and in order to provide a basis for the more detailed treatment 
of the subject, an historical review of the subject is first given. 

Attempts at classification are to be found in the very oldest 
text-books on mining and geology. These attempts however varied 
they might be, almost all put forward a grouping in which morphology 
alone was considered. Werner in 1791 exceptionally divided the ore- 
deposits into (a) those contemporaneous with the country-rock, and (/;) 
those formed later, providing thereby the first class! ficUjli on based on 
genetic principles. Tdie first independent course ujion the study of deposits 
originated with Waldauf von Waldenstein in 1824 who, following the view 
of his time, differentiated between regular and irregular deposits. In 
greater detail regular dcj) 0 sits consisted of tabular beds and lodes, while 
irregular deposits included masses and deposits where the ore occurred 
in separate scattered bodies of considerable diTiiension. 

Burat in 1846, G. A. von Weis.senbach in 1850, and Whitney iti 1854, 
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put forward classifications based partly upon morphology and partly 
upon genesis. Burat in his main groupiiig difierentiated regular deposits 
and included therein lodes, Jiiasses, and stockworks. Lodes he described 
most completely as indeed did all the early investigators, moved theivto 
by the work of Werner. While in this and in his main grouping he followed 
the tendency of the time, in a su})plcmentary chapter upon deductions 
concerning the theory and exploitation of ore-deposits he gave a classifi- 
cation which showed that he was far ahead of his colleagues. In this h(‘ 
took into consideration the more or l(\ss clos(i relatiojiship between ore- 
deposits and eruptive inagma, and difierentiated : 

1. Eruptive deposits and tin occurrences. 

2. (butact-deposits. 

3. Metani Orphic deposits. 

4. Jjodes. 

His metamorphic deposits were those into which metallic substances 
penetrated subsequently and vhich were not in iinniediate relation to 
eruptive rock. The Kupferschiefer was for instance reckoned among 
them, representing that group of metamorphic deposits which (!onstitut(‘d 
a (jonnccting link with thos<‘ other deposits contemporaneous with the 
rocks enclosing tliein. A difference was made between a contempor- 
aneous metaniorphism taking place when the rock and ore were formed, 
and metamorphic (h'posits of later formation. The first correspond to 
the sedimentary beds of to-day, the latter to the metasomatic deposits. 

H. von (k)tta in his famous Lelire von dm Part I., 1^559, 

followed a purely morphological grouping. lie difierentiated between 
regularly-sha])ed de])osits, such as beds and lodes, and those irregularly 
shaped such as masses and impregnated zones. In addition he grouped the 
deposits according to the characteristics mineral contained ; and tijially, in 
the second portion of the work, he arranged and described the deposits 
under their geographicsal distribution. In the preface to the second 
edition, wherein the principal (soiuslusions are reviewed, he divided the 
difierent occurrences into : 

I. Begular : IT. Irregular : 

(а) Beds. (n,) Masses. 

(б) Lodes. (b) Impregnated zones. 

The true beds according to Cbtta were formed by deposition from 
water, though subsequently they might have been altered. As true lodes 
he included not only those occurrences of precipitation from aqueous 
solution, but also individual cases of sublimation and molten injection. 
The masses might be irregular beds or lodes, but also other irregular deposits 
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occupying space opened hy volcanic activity. The scientifically-speaking 
far-advanc(Hl genetic classification of Burat was, it is strange to say, not 
made use of by ( 'otta. It is true that in comparisoi\ with the main grouping 
of Burat that of (^otta mai-kcd an advance in one particailar, namely, that 
in his classification the beds were given a definite and independent place 
whereas with Burat their position was indeterminate. Against this 
however (\)tta gave magmatic segregations and contact-metamorphic 
deposits no separate place. He acknowledged, it is true, that deposits did 
oc(;ur within or as contacd-formations attendant u})on eruptive rocks, and 
recognized that these represented the concentration of mineral matter 
originally regularly distributed in the earth’s mass, but he put no value 
upon grou])ing tlie deposits in harmony with these genetic considerations. 
Impregnated zones were divided into independent and dependent. Tlie 
first, occurring bed-like or in the form of masses, contained ore formed at 
th(' same time as the rock itself. The latter occurred as border zones 
and beds, lodes and masses, a,nd w'cre neither contemporaneous with the 
principal deposit nor w'ere they formed by its decomposition, (^)tta him- 
self pointed out that his class of independent contemporaneous impregnated 
deposits not impregnations in a scientific sense. 

3. (irimm in 1801) followed in general the morphological lines of (,^otta, 
his classification Ixfing : 

I. Primary constituents of, or inclusions in, the rock : 

(a) Original dissemination or imjwegnation. 

(/;) Secondary dissemination. 

II. Se[)arate deposits or subordinate rock mendjers : 

(r/) Tabular mas.ses. 

(b) Masses, regular and iri'cgular, and stockw'orks. 

In this classification the factor of genesis rec.eivcd no considiwation. 
In the group of original disseminations small magmatic segregations as 
well as subsexpient im])regnations were included. The secondary dis- 
seminations consisted oidy of gravel -deposits and ori'-bearing detritus. 
The tin lodes of Zinnwald, which at that time Avere properly and almost 
universally classed as true lodes, he clas.sed with beds and seams because 
they passed from the zone of greisen out into the country-rock. 

Gallon in 1806, liOttner-Serlo in 1861), Nev(^ Foster in 1891, and Kohler 
in 1903, developed systems ap])roaching that of (Jrimm. In addition to 
these autliors who together with Burat regarded the dey)osits entirely 
from the view' of morjdiology. there were others w'ho took genesis 
also into consideration. Naumann, from 1866 to 1872, made the first 
endeavour in this direction in his w'ork Geognosie^ where he treated the 
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ores as subordinate rock-forming minerals and classified the ore-deposits 
as follows : 

1. Ore-bearing layers, including fahlbands, impregnated zones, etc. 

2. (h'avel-de])osits. 

3. Ore-beds in the narrow sense, including beds and bedded masses. 

4. Lodes. 

5. Eruptive deposits. 

The first class corresponds in its scope to the ‘ original dissemina- 
tions ’ of Grimm, though the change of name is a decided improvement. 
Naumann explains that this class included deposits of very different geiiesis, 
and that to it belot\gcd the so-called half-formed beds, or those occurrences 
which differing from ordinary beds only in the smaller siz(; of the ore- 
body, occasioiially pass over to be(a)me beds pro|)er. The separation 
of the first thr(‘(‘. groups on an etpial footing with the others cannot be 
maintained. Metasomatic deposits are ])laced with the ore-beds which 
is not correct ; while the contact-deposits r(‘ceive no mention at all. 

The classification of Whitney in LShh resembled that of Naumann. 
He differentiated deposits into superficial, stratified, and unstratified, as 
the main groups, while in the subsidiary groups la* gave some consideration 
to genesis, riiillips and Louis in 1890, using the same main divisions as 
Whitnev, completed their classification as follows : 

1. Superficial de[)Osits, formed by : 

(^/) The mechanical action of waLr. 

(h) Chemical action. 

11. Stratified deposits, formed by : 

(a) Frecipitation from aipieous solution. 

(h) Precipitation from acpieous solution, but subsequently 
alt('red. 

(c) Prc'cipitation from impregnating solutions. 

III. Unstratified, such as : 

{(i) True veins.i 
{b) Segregated veins. 

(c) Gash veins. 

{(1) Impregnations. 

(e) Stockworks. 

(/) Fahlbands. 

(g) Contact -deposits. 

(h) Chambers or pockets. 

The deposits under II. (/;) are generally those of haematite and mag- 
netite occurring in highly altered rocks of (^imbrian, Silurian, Devonian, 

‘ Lodes. 
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or Carboniferous age. The author assumes that these occurrences were 
originally precipitated as ferric hydrate wliicli later, by metamorphism of 
one nature or another, became changed to their present condition. To 
II. (c) such deposits as the Kiipferscliiefer belong, the author considering 
this to have i)een formed by the saturation of a particular stratum with 
mineral solutions from which the ore from one cause or another became 
precipitated. For such deposits as for iTistance the bed of iroji ore in the 
Senon at Peine, which after formation by the mechanical action of water 
became covered by younger beds, no subdivision under stratified deposits 
has been provided. On the other hand iu II. (a) the author placed a number 
of nietasoniatic deposits. With contact-deposits also he reckoi\ed not only 
the contac^t-mctamorphic deposits but also those which without reference 
to their genesis are found where two different rocks came into contact. 
In general however the subdivisions are based u})on gejiesis. Super- 
fi(;ial d(‘posits for instance arc divided according as to whether they were 
formed by Jiii'chanical or by chemical action. 

Yon Groddeck in 1879 was tlui first author to I’efuse form and to accept 
genesis exclusively as the basis for his classification, lie differentiated : 

A. Original d(*posits : 

1 . Stratified deposits. 

2. xMassive deposits. 

3. Gavity-fillings. 

4. Metamorphic deposits. 

B. Detrital dejiosits. 

This grouping however separates the detrital deposits from the strati- 
fied deposits from which however they differ only in age. Groddeck himself 
later ^ admitted the force of this and withdrew the group of detrital 
deposits. The names given to the first two classes in addition to their 
relation to genesis arc also indicative of form which indeed is a function 
of genesis. The contact-deposits, which in a special section th(‘ author 
places in part with the ore-beds and in jiart with tlie metasomatii; deposits, 
are not separated as a class. The stratified deposits of Groddeck are those 
formed originally on the surface by gradual deposituni from water in just 
the same manner as the non-metalliferous sialinients ; flaw have in caui- 
sequence the same strike and dip as these sediments and occur either as 
surface or as interbedded deposits. By massive deposits (Jroddeck 
meant crystalline rocks of molten origin. 44ie cavity-fillings constitute that 
general group formed later than the country-rock, these according to their 
form being subdivided by Groddeck into lodes and chamber-fillings. 

Stelzner, in a critical review of Groddeck’s classification,*^ raised the 


Berg- und huttenm. ZeiL, 1885. 


2 N. J.f. M , 1880, II. 
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point that in the class of metamorphic deposits, occurrences of very dihcreot 
genesis are put together, namely : 

(а) Metasomatic lead-, zinc-, and iron-manganese deposits. 

(б) Contact-deposits proper, the products of contact metamoiphism. 

(c) Various other deposits resulting from metamoiphism, such for 

instance as the occurrence of greisen with tin deposits. 

He proposed therefore that the metasomatic deposits should b(' plaecMl 
in a class by themselves, with which projiosal (xroddeck appeared agreeable, 
though he called attention to the close connection between the lodes and 
these metasomatic occurrences. 

The classification put forward by J. F. Kemp in 1892, 1895, and at 
times between 1900 and 1907, is also purely genetic, and as follows : 

1. Magmatic segr(‘gations. 

II. De])()sits chemically deposited from solution : 

(а) Precipitation on the surface. 

(б) lm])regnation. 

(c) Fdling of fractures arising from cooling or drying. 

(d) Cdiamber-deposits in limestone. 

(e) Filling of fractures in shattered and broken strata. 

(/) Filling of ojienings in anticlines and synclines, ofLm 
connected with metasomatis. 

(f/) (h'ushed zones accompanying fissures or faults. 

(A) True fissure veins. ^ 

(f) Segregations in volcanic necks. 

(A) Deposits in connecdlon with eruptive rocks, 

(I) Deposits formed at the alteration of eruptive rocks. 

III. Deposits formed by the mechanical action of water : 

(a) Detrital de[)osits ; 

1. Superficial. 

2. CV)vered. 

(A) J^iliivial gravels. 

The several subdivisions of group 11. do not indicate uniformity in 
the point of view throughout. The author appears sometimes to have 
considered form and at other times gemesis. Lodes and cavity-fillings so 
closely allied in genesis, account for no less than six subdivisions, (c-/i), 
wherein sometimes the form of the fissure or cavity and sometimes its 
origin jilay the greater part. The three main divisions are also of very 
uneipial compass. Since most ores result by chemical precipitation from 
aqueous solution this group is much the greatest, an admission which Kemp 
makes by providing it with eleven subdivisions. Since also mineral 

^ (Simple lodes. 
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solutions must have been active to a greater or less extent with all the 
various geological processes, deposits of most varied character must be 
embraced by this group, lodes becoming classed with contact-deposits, 
and these again with such occurrences as are formed by the migration 
and deformation often taking place at rock alteration. 

In the year 1893 Posepny put forward the- following genetic classifi- 
cation : 

I. Deposits in spaces of discission : 

(a) Lodes in stratified rocks and with no connection with eruptive 

rocks. 

(b) Lodes in the neighbourhood of eruptive intrusions. 

(c) Lodes within extensive complexes of eruptive rock. 

11. Deposits in spaces formed by the solution of material ; or deposits 
in soluble rocks ; 

(a) In disturbed country. 

(b) In undisturbed country. 

III. Metamorphic deposits : 

(а) In distinctly stratified rocks. 

(б) In soluble rocks. 

(c) In crystalline schists and eruptive rocks. 

IV. Hysteromorphic deposits : 

(а) Due to chemical influences at the present surface. 

(б) Due to mechanical action at the present surface. 

(c) Due to the hysteromorphic occurrence of older geological 
formations. 

The fillings in spaces of discission, or spaces following upon rupture, 
are the lodes proper ; and the hysteromorphic deposits are those formed 
chemically at the surface whether in older or younger geological epochs. 

Fuchs and de Launay in 1893 regarded the ore-deposits from the 
point of view of the metals they contained, and arranged the deposits of 
each metal or element according to a geological system. In a theoretical 
treatise appearing at the same time as the principal work, de Launay 
differentiated : 


1. Deposits included in eruptive rocks. 

II. Lodes. 

III. Sedimentary deposits. 

To the first group belong principally the magmatic segregations but 
also other occurrences within eruptive rocks such as the garnierite veins, 
the copper deposits of Lake Superior, and several endomorphic contact 
occurrences such as tin ore in greisen. The genetic principle is there- 
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fore not entirely maintained in this classification, and as with other French 
authorities the sedimentary deposits receive little consideration. 

A similar classification was that put forward by Hofer in 1897 wherein 
the principal groups are differentiated according to their age-relation 
with the country-rock ; the subsidiary groups according to genesis ; and 
finally the classes according to size and form. According to genesis II(')fer, 
speaking generally, differentiated sedimentary deposits, eruptive deposits, 
cavity-fillings, and metamorphic deposits. His complete classification 
was as follows, each subsidiary group being further divided according 
to size and form : 

I. Contemporaneous with the country-rock : 

Sedimentary deposits. 

Eruptive deposits. 

II. Younger than the country-rock : 

Cavity-fillings. 

Metamorphic deposits. 

Stelzner ^ gave in his lectures the following classification : 

1. Protogenc deposits : 

A. Syngenctic : 

Eruptive. 

Sedimentary. 

B. Epigenetic : 

Hypostatic : 

1. Fissure-filling. 

2. Cavity-filling. 

Metasomatic. 

II. Deuterogene deposits : 

A. Metathetic. 

B. Gravels, or mechanical deposits. 

Giirich in his critical description raises doubts as to the propriety of 
this division into protogene and deuterogene deposits, because strictly 
speaking in all chemical-geological phenomena there is no actual accretion 
of new material but only a new arrangement of that already present from 
the beginning, and consequently no proper test for protogene deposits 
can exist. He therefore proposed : 

I. Impregnation deposits : 

(а) Syngenetic. 

(б) Epigenetic. 

(c) Metagenetic. 

^ Giirich, Zeii. f. prakt. OeoL, 1899, p. 175. 
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IT. Magmatic or solidification deposits : 

(a) Syngenetic. 

(h) Epigenetic. 

(c) Metagenetic. 

TIL Precipitation deposits : 

(a) Syngenetic. 

(b) Diagenetic. 

(c) Metagenetic. 

TV. Concentration deposits : 

(a) Eesidual deposits. 

(b) Gravel deposits. 

It must be acknowledged that this classification of Giirich practically 
covers all the cases which could arise in the formation of ore-deposits and 
therefore deserves great consideration. Unfortunately however it is 
practically impossible to arrange all the known occurrences according to 
it. In many cases for instance it is not povssible to maintain a separation 
between formation by sublimation and that by precipitation since in many 
phenomena of precipitation vapours play an important part. 

In numerous essays published by Vogt discussing genesis much is 
found of considerable value relative to the classification of deposits. In 
that cited at the beginning of this chapter Vogt proposed the following 
grouping for those deposits due in any way to eruptive phenomena : 

I. Products of magmatic differentiation : 

1. Segregations of oxide. ore. 

2. Segregations of sulphide ore. 

3. Segregations of metal. 

II. Products of pneumatolysis and pneumatohydatogenesis : 

1. Contact-metamorphic deposits. 

2. Cassiterite lodes. 

3. Apatite lodes. 

4. Pegmatite lodes containing zircon-, boron-, and fluorine 

minerals, etc. 

5. The gold-silver lodes occurring in young eruptive rock. 

6. The copper lodes accompanying basic and intermediate 

eruptive rock. 

This classification it is seen only applies to those deposits which are 
in close relation to an eruptive rock. 

The latest systems originate with Beck, 1900 and 1903, and with 
Bergeat, 1904-1906. These are based more or less upon that of Stelzner. 
Beck differentiates : 



THE SCIENTIFIC CLASSIFICATION OF ORE-DEPOSITS 


237 


I. Magmatic segregations : 

{a) Native metal. 

(6) Oxide ores. 

(c) Sulpliide or arsenide ores. 

II. Ores as sedimentary rocks : 

{a) Sedimentary deposits of iron ore. 

(6) Sedimentary deposits of manganese ore. 

III. Epigenetic deposits : 

(а) Lodes. 

(б) Others. 

IV. Secondary deposits : 

{a) Older dctrital deposits. 

(6) Younger detrital deposits. 

This grouping, in so far as the magmatic segregations arc concerned, 
agrees entirely with that of Vogt. The subdivisions of the sedimentary 
deposits are incomplete as they only provide for iron and manganese ores. 
The group of epigenetic deposits, in that it must include the metasoniatic 
occurrences, the contact-deposits, and a great portion of the ore-beds, is 
disproportionately large. It is also hardly the best arrangement to place 
the impregnated deposits under epigenetic deposits, far from the sedi- 
mentary deposits with wliich their geological position is so similar. Again 
the group of secondary deposits includes only those formed mechanically. 

Bergeat gives the following classification which is practically identical 
with that of Stelzner : 

1. Protogene deposits : 

1. Eruptive deposits. 

2. Stratified deposits. 

3. Lodes. 

4. Chamber-deposits. 

5. Metasomatic deposits. 

II. Deuterogene deposits : 

6. Metathetlc or eluvial gravels. 

7. Alluvial gravels. 

From this review it is seen how difficult it is to propound a classification 
which shall give due consideration at one and the same time to all the 
characteristic properties of ore-deposits. These characteristics as will be 
gathered from the chapter dealing with genesis are primarily due to 
chemical processes ; the more or less finely distributed metal content 
within the rocks of the crust is brought into molten, aqueous, or gaseous 
solution, to be later deposited by concentration processes more or less 
complex. To these chemical impulses many physical factors such as those 



238 


OEE-DBPOSITS 


expressing themselves in the formation of fractures, add their momentum. 
The resultant processes of concentration run their course differently as the 
chemical nature of the particular metal varies, while geological position, 
form, content, mineral -intergrowth, and association, being dependent upon 
these processes, vary with them. 

Von Groddeck by proposing certain deposits as types, as for instance 
the siderite, clay-ironstone, Mansfeld, and Schemnitz types, etc., made in 
effect an important endeavour to obtain a classification into natural genetic 
groups, an endeavour which in this work will be again taken up though 
with this difference, that in the place of numerous related types the different 
groups will appear. In each of these groups those deposits are included 
which have the same characteristic properties, such properties, established 
by a comparison of a number of closely-related occurrences, being used as 
the criteria of genesis. This is the principle of the ‘ comparative science 
of ore-deposits.’ As the material contained in ore-deposits is a function of 
genesis, this classification coincides in many cases with that of the metals, 
and the tin lodes, the gold lodes, etc., still remain as groups. 

The complete division into groups upon the above principle encounters 
considerable difficulty in that so many deposits, scientifically speaking, 
have not been sufficiently investigated. This again is an admission that 
the properties common to the members of the different groups are yet 
uncertain, and that in isolated cases deposits of questionable genesis may be 
placed where afterwards it may be proved they do not belong, such as 
well might happen, for instance, with the fahlbands. As with every natural 
scientific classification so also with this, no sharp boundary exists between 
the different groups, and pronounced differences only occur between the 
types. From these, gradations proceed on either side. The magmatic 
titaniferous-iron ores, the magmatic nickel-pyrrhotite deposits, the contact- 
deposits, the tin lodes, the young gold-silver lodes, and the young (j[uick- 
silver lodes are all in their typical occurrence sharply separated one 
from the other. Yet there are districts where titaniferous-iron ore occurs 
with deposits of nickel-pyrrhotite, and contact-deposits with those of tin. 
In these cases no such sharp separation exists. The gradations from 
one occurrence to the other do not however render the division into 
groups untenable, but on the contrary they often furnish further 
material for the proper understanding of the nature of these groups, and 
therewith of the genesis of their occurrence. 

In a natural classification the groups genetically closely-related must 
follow close together and this has been kept in view in the following 
classification. Beginning with the magmatic segregations which re- 
present the deposits nearest to their original source, the sequence of 
main groups is as follows : 



THE SCIENTIFIC CLASSIFICATION OF OKE-DEPOSITS 239 


1. Magmatic segregations. 

2. Contact-deposits. 

3. Fissure cavity-fillings, irregular cavity-fillings, and metasomatic 

deposits. 

4. Ore-beds, sediments more particularly. 

Magmatic segregations separated directly from the magma have 
only since the late ’nineties been more closely investigated in relation 
to their nature. The contact-deposits formed by endomorphic or exo- 
morphic contact-metamorphism are morphologically and mineralogically 
fairly sharply-defined, more particularly by their occurrence within the 
contact-zone, but also by their structure and the presence of characteristic 
minerals. Separation of these deposits from magmatic segregations is 
therefore in most cases easy and it is not often that such different views 
are held as was the case with the deposits of iron ore in the Urals. These 
two groups, according to the nature of the ore occurring, are further 
divided into oxide and sulphide ores, etc. The differentiation and 
separation of the contact-deposits from fissure- and irregular cavity- 
fillings is however less certain, seeing that fissure-fillings may be formed 
as one result of contact-metamorphism, the occurrence at Kupferberg in 
Silesia being a case in point. The different lodes of this group of cavity- 
fillings are so arranged that those in closest connection with eruptive rocks, 
namely the pneumatolytically formed tin- and apatite lodes, are given 
first, then the quicksilver lodes, the young gold-silver lodes, the old gold 
lodes, and the silver-lead occurrences, all of which may be regarded as in 
greater part formed by the thermal after-effects of eruptive phenomena ; 
and finally those deposits, such as the garnierite veins, which have been 
formed by secondary processes. A classification of the lodes according to 
the rock in which they are found is not possible of achievement, although 
the tin lodes occur exclusively in granite or in the allied dykes and sheets. 
The majority of the lodes occurring in undoubtedly close connection with 
eruptive rocks are moreover not observed to be associated with any one 
particular rock but rather with an eruptive epoch. The young gold- 
silver lodes for instance are found as much in connection with rhyolite 
as with dacite, andesite, etc. 

The separation of the metasomatic deposits from the fissure- and 
irregular cavity-fillings, as was previously the custom, in view of the close 
relation between the two classes of deposits, can now no longer be main- 
tained. Although with complete alteration the metasomatic deposits 
in relation to form and content occasionally show great similarity to typical 
ore-beds, it is nevertheless natural when discussing the different groups 
of lodes to discuss at the same time the metasomatic deposits which so 
often accompany them. 



240 


ORE-DEPOSITS 


The number of the occurrences to be counted as ore-beds is not yet 
settled. Properly speaking only those deposits should be so reckoned 
which are actually sediments, that is younger than their foot- wall and older 
than their hanging-wall. In many cases however where deposits occur 
interbedded it is not yet possible to decide whether they were originally 
so deposited or whether the ore has not been introduced subsequently. 
A case in point is that of the Witwatersrand conglomerates. 

The pyrite deposits also present great difficulty. While formerly 
these wherever they occurred were all classed together, investigation 
during the last few years has shown that such simplicity does not exist, ^ 
but that such deposits may be of very different genesis. That for instance 
at Meggen represents most probably a sedimentary occurrence, while the 
neighbouring occurrence at Schwelm is doubtless of metasomatic origin. 
Those of Norway again, according to Vogt, arc undoubtedly to be regarded 
as magmatic segregations. 

Under ore-beds therefore a number of deposits of sedimentary forma- 
tion are in the first instance discussed, and then some bed-like or apparently 
bed-like deposits the genesis of which is doubtful. 

On the above lines the following complete classification is founded : 

I. Magmatic segregations : 

(a) Oxide ores : 

1. Chromite group. 

2. Titaniferous-iron group. 

3. Iron and apatite-iron group. 

{b) Sulphide ores : 

1. Nickcl-pyrrhotite group. 

2. Intrusive pyrite group. 

(c) Native metals : 

1. Nickel-iron group. 

2. Platinum group. 

II. Contact-deposits : 

(a) Oxide ores : 

Iron group. 

(b) Sulphide ores : 

Lead-zinc and copper group. 

III. Cavity-fillings, and metasomatic deposits : 

1. Tin lodes. 

2. Apatite lodes. 

3. Quicksilver lodes, 

4. Young gold-silver lodes. 

^ Krusch, Unterauchung und Bewertmig der Erzlagerstdtten. p. 301. 
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5. Old gold lodes. 

6. Lead-silver-zinc lodes. 

7. Metasomatic lead-silver-zinc deposits. 

8. Antimony lodes. 

9. Iron lodes. 

10. Metasomatic iron deposits. 

11. Manganese lodes. 

12. Metasomatic manganese deposits. 

13. Copper lodes. 

14. Metasomatic copper deposits. 

15. Pyrite lodes. 

16. Metasomatic pyrite deposits. 

17. Native-copper deposits. 

18. Nickel-cobalt-arsenic veins. 

19. Nickel-silicate veins. 

IV. Ore-beds : 

(a) Iron-ore group : 

1. Lake- and bog-iron deposits. 

2. Oolitic deposits. 

3. Carbonaceous and clay ironstone. 

4. Chamosite and thuringite. 

5. Magnetite, specularite, and hsematite. 

6. Nodular iron deposits. 

(b) Manganese deposits. 

(e) Copper-shale group. 

(d) Fahlband group. 

(e) Pyrite deposits. 

(/) Witwatersrand ore-beds. 

(g) Sulphide lead zinc deposits. 

(h) Antimony deposits. 

(^) Tin gravels and gravels of the noble metals 
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MAGMATIC SEGREGATIONS 

LITERATURE 

J. H. L. Vogt. ‘ Bildung von Erzlagerstatten durch Differentiationsprozesse in 
basischen Eruptivraagmata,’ Zeit. f. prakt. Geol, 1893. 

Comprehensive geological and petrographical investigation prosecuted 
during the last decades has shown that the eruptive rocks of varying aggre- 
gation embraced within a so-called ‘ Petrograpliical Province/ in relation 
to their chemical composition, have certain characteristic properties 
in common. Between the rocks of extreme composition there is 
usually an almost unbroken series the members of which are to be re- 
garded as chemical gradations. The different rocks of such a province may 
consequently be said to exhibit a blood-relationship or consanguinity. 

This phenomenon may only be explained in that the differently aggre- 
gated rocks found existing in an eruptive field are to be referred back to a 
single stock magma, which by magmatic differentiation became separated 
into fractional magmas, in that some of its components suffered trans- 
ference or migration. 

W. C. Brogger in a number of works between the years 1886 and 
1898 called attention to the fact that in magmatic differentiation those 
components are found segregated which during cooling first become crystal- 
lized, and that accordingly there exists a parallehsm between the sequence 
of crystallization and that of differentiation, and again between this latter 
and the sequence in volcanic eruption. J. H. L. Vogt in a recent work ^ 
explains how that magmatic differentiation follows the same physico- 
chemical laws as those which hold good for crystallization, that is the passage 
, from the liquid to the solid state. Those minerals which would crystallize 
first proceed in the anchi-monomineral direction whereby the remaining 
magma in its chemical relations approaches the condition of an eutecticum, 
and anchi-eutectic magmas result. With most eruptive rocks crystal- 

^ ‘ Anchi-monomineraluche und ancki-eutektiseke Eruptivgesteine^' Ges, d. Wiss., 
Christiania, 1908. 
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lization first begins with what may be called the ore-minerals, such as 
magnetite or titaniferous magnetite, specularite, ilmenite, zircon, apatite, 
pyrite, and occasionally also spinel, etc. At a somewhat later stage of 
consolidation the ferro-magnesium silicates such as mica, the hornblende 
and pyroxene minerals,. and olivine, crystallize. It is in agreement with 
this sequence that, apart from some exceptions, just these components 
are subject to migration in magmatic differentiation. 

The processes which in time past led to the formation of the basic 
segregations found in many plutonic rocks, the basic borders of many 
dykes, and the melanokratic diaschist dykes of many eruptive areas, 
are known generally. All these products of magmatic differentiation are 
characterized by an increase in iron minerals, chiefly titaniferous iron, in 
ferro-magnesium silicates, and generally in the anorthite components of 
the felspars. As will be more closely discussed when describing the occur- 
rences of titaniferous-iron ore, in many cases this enrichment of heavy 
minerals has proceeded so far that such segregations consist exclusively 
or preponderatingly of one ore-mineral. Accordingly, from a genetic 
point of view, whenever such enrichment is pronounced, the particular 
aggregates are to be regarded as anchi-monomineral or perhaps even as 
pure rnonomincral eruptive rocks. Sometimes, as illustrated in Fig. 2, 
the segregation took place in situ ; in most cases however it was only 
after becoming enriched that the magma was forced up, forming then 
differentiated lodes or streaks in the eruptive, or exceptionally in the 
country-rock. Such lodes or streaks are illustrated in Figs. 1, 13, 15, 
16, 141, and 170. 

In addition to these magmatic segregations, the pneumatolytic and 
the contact-metamorphic deposits must also be considered, both in genesis 
and in space, as occurring in close relation to eruptive magmas. There is 
this difference however, that while the magmatic segregations result from 
a single process, that of magmatic differentiation, in the case of the 
other, deposits the metal after such differentiation was taken up in 
aqueous or gaseous solution and deposited later by other processes. It 
is natural therefore that in the majority of cases the magmatic deposits 
are quite distinct from the related pneumatolytic and contact-meta- 
morphic deposits. Occasionally gradations such as would result when the 
process of differentiation was accompanied by pneumatolytic phenomena, 
occur. 

Magmatic segregations according to their content are divided into 
oxide, sulphide, and metal deposits. This classification, originally proposed 
in 1893 by Vogt, has been adopted in the new text-books by Beck and 
Stelzner-Bergeat, and in a large number of other works which have appeared 
subsequent to its proposal by Vogt. It differs from the mineralogical 
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sequence which usually places the metals first, then the sulphides, and 
finally the oxides, because in the study of ore-deposits the oxide and 
sulphide magmatic segregations are incomparably more important than 
those containing metals, which in general are only interesting minera- 
logically and which in relation to their genesis are not entirely beyond 
question. The description of the oxides before the sulphides is justified 
because among the former some of the largest ore-deposits of the world 
are found, such for instance as that of Kiirunavaara. 


A. OXIDE SEGREGATIONS 

1. Chromite Deposits in Peridotite and Serpentine 
LITERATURE 

J. H. L. Vogt. Zeit. f. prakt. Geol., 1894, pp. .184-393. Report of the sixth inter- 
national Geological Congress, Zurich, 1894, pp. 382-392. 

All the chromite deposits yet known occur in peridotite or in the serpent- 
ine arising from, the decomposition of that rock, though the discovery of new 
deposits in pyroxenite or olivine-pyroxenite, so closely allied to peridotite, 
may be regarded as not impossible. In most cases the country-rock of 
such deposits appears completely serpentinized though in a few cases, 
such as at Hestmando in northern Norway, at Mount Dun in New 
Zealand, and at Kraubat in Steiermark, the rock is either not altered at 
all or altered but very little. Including the varieties dunite consisting 
almost entirely of olivine ; saxonite or harzburgite consisting of olivine 
and enstatite; wehrlite consisting of olivine and diallage, and often also 
hornblende ; and Iherzolite consisting of olivine, enstatite or bronzite, and 
diallage, peridotite is characterized by a never absent original content 
of chromium sesqui-oxide, Crp.^, ranging generally from 0-2-0-5 per cent 
but reaching exceptionally to 1-0 per cent.^ In these rocks the chromium 
is found chiefly as chrome-spinel or picotite (Mg,Fe)(Al,6V,i^e,),,0^, or as 
chromite (Fe,M(/) (Cr,zl/,Fe).,0^, but also to smaller extent in chrome- 
diopside, bronzite, mica, and chrome-garnet, etc. In dunite, saxonite, etc., 
which in general contain but traces of titanic acid, iron and titaniferous iron, 
otherwise so widely distributed in eruptive rocks, are almost entirely want- 
ing. From this the general statement may be made that the titaniferous 
iron in gabbro is replaced in peridotite by chromite and picotite, the 
crystallization of which took place in early stages of the rock’s 
consolidation. 

The deposit of chromite which has been most scientifically investigated 
^ See p. 153 ; also Zeit. f. prakt. Qeol., 1898, p. 231. 
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is that mentioned above as occurring on the island of Hestmando off the 
northern coast of Norway. This was examined by Vogt. Within an area 
about 70 km. long and 40 km. wide situated inside the Polar Circle there 
occur at least one hundred laccoliths of peridotite generally of the varieties 
dunite and saxonite. Of these the largest has a superficies of about 0-0 sq. 
km. while most of the others reach only 0*01 -0*05 sq. km. Almost all contain 
deposits of chromite, these occurring far more often in the central portions 
of the eruptive mass than around the periphery. These deposits consist 
partly of clean ore and partly of chromite more or less mixed with olivine 
and enstatite. Such mixtures, containing at the lowest 3-10 per cent 
of Cr^Oy and at the highest 60-80 per cent, constitute chrome-peridot ite, 
or chrome-dunite, chronie-saxoiiite, as the case may be, and illustrate 



Fig. 167. — Chromite - saxonite, the 
chromite content varying between S and 
70 per cent, 'i’hc handed appearance l^ 
that of fluid structure. Illustration 
from Hestmando; two -thirds natural 
size. Vogt, Zeil. f. prakt. (/eoL, 1894. 



Fio, 168. — Ohromite-dunite, 
consisting of chromite and oliv- 
ine. Ramberget near Rest 
mando ; magnihed 40 times. 
Vogt, Zed f. prakt. uVo/., 1894, 
p. 391. 


the petrographical transition from ordinary rock to the more or less 
clean ore-deposit. Fig. 168 represents a thin section of chrome-dunite 
showing chromite as idiomorphic dark crystals embedded in olivine quite 
undecomposed. As illustrated in Figs. 13, 141, 169, and 170, the 
occurrences are found sometimes as streaks and sometimes as irregular 
veins or bunches. Fig. 13 shows a lode-like series of such bunches of 
clean chromite (black) with others rich in enstatite (hatched), in normal 
saxonite (dotted). This short description of the deposits at Hestmando 
may be taken as typical for the occurrence of chromite deposits in 
general. 

Numerous investigators, as von Groddeck,^ A. Helland,^ A. Cossa and 
A. Arzruni,® and L. de Launay,^ advocated the view that the chromite 
deposits were formed at the decomposition of chromium -bearing 
peridotite to serpentine, but as these deposits have also been found within 

' Lehrbuch, 1879. 2 ^ IFm., Ohrifitiania, 1873. 

® ZeiL f. Kriat. u. Min., 1883. * Formation des gitea metalliferea, 1893. 
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undecomposed peridotite, it is evident that this view cannot be correct. 
As Vogt pointed out as far back as 1894 these deposits are rather the pro- 
ducts of magmatic separation, and the chromite in peridotite plays the 
same part as the titaniferous iron in gabbro. The chromite deposits in 
peridotite show accordingly the same geological, petrographical, and morpho- 
logical characteristics as those of titaniferous iron in gabbro, and the general 
genetic statements afterwards enumerated in connection with the titan- 
iferous-iron deposits hold good also for the occurrence of chromite. In 
addition to this well-defined analogy, the gradations from ordinary peridotite 
through chrome-peridotite to clean ore are further evidence of the mag- 



K[u. 169. — Di(lVn‘ntiate<l lode ot 
cliroiiiite-saxonite, consisting of chrondte. 
olivine, and enstatite, in normal saxonite. 
Vanias near Hestmando. Vogt, Zeit. f, 
prakt. Geol., 1894, p. 390. 


v-::-..- f. 



Fig. 170. — Differentiated lode of 
cliroinite-dunito in saxonite ; length ol lode, 
40-50 m.; width, O-l-O 8 ni. Vanias near 
Hcstniamlo Vogt. Fig. 141 reprodhces 
a iiortion of this lode on a larger seale. 


matic origin of these deposits. Finally the order of crystallization, chromite 
first and olivine afterwards, plainly indicates that the chromite crystallized 
from a magma. The view first put forward by Vogt that chromite deposits 
are due to magmatic differentiation has been endorsed by all later 
investigators who have carried out independent work upon this subject, 
and in this connection the researches of J. H. Pratt ^ and of Fr. Ryba ^ 
are especially important. 

In the formation of peridotite and the segregation of chromite two 
different stages in differentiation must be recognized. In the first 
place the peridotite magma was formed from the stock-magma which 
may have had the composition of an olivine-gabbro, etc., and then from 

1 ‘ The Occurrence, Origin, and Chemical Compo.sition of Chromite,’ Trans. Amcr. Inst. 
Min. Eng., February 1899 ; and Amer. Jour, of Sc. Vol. VI., 1898, and Vol. VII., 1899. 

* ‘ Beitrag zur Genesis der Chromeisenerzlagerstatte bei Kraiibat in Obersteiormark,’ 
Zeit. f. prakt. Geol, 1900. 
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within the peridotite magma the chromite segregations arose by 
separate differentiation. The two stages, distinct but following one 
another, are illustrated in the diagram Fig. I7I, which is taken from 
Vogt’s work t)ber anchi-mowmineralische und ancM-eutektische Erupliv- 
gesteine. • 

With the Norwegian chromite deposits, both with those to the north 
and those in the district of Eoros-Dovre, there exists a certain relation 
between the size of the mass of peridotite, or serpentine as the case might 



Olwuie Interwediate Peridotite Chromitedimite Ckro- 


■qabbro stage betioeen mi- 

Olwinegabbro ute. 

and. Peridotite 


Fio. 171. — ^Difrcrcntiiition diagram. To the left the composition of a stock magma ; 
in the middle that of peridotite ; and to the right that of the segregated chromite. 


be, and that of the chromite deposit found occurring within it. It may 
indeed be said that small eruptive masses carry only small deposits while 
the larger deposits are only found in masses of considerable size, probably 
because the amount of Cr.^0.^ in a small peridotite magma would not be 
sufficient to form larger deposits. It must be remarked however that it 
is far from being the case that all peridotite occurrences contain deposits 
of chromite ; indeed several extensive complexes of peridotite and serpen- 
tine have proved themselves to be free from such deposits. The phenomena 
of differentiation have consequently not been operative in all peridotites 
alike. 

The most important Norwegian chromite deposits lie at Feragen in 
the neighbourhood of Ebros in a serpentine mass, which has an area 



248 


ORE-DEPOSITS 


of about 15 square kilometres. The principal mine, Rodtjern byname, works 
a streak-like lode of serpentinized chrome-peridotite containing bunches 
of pure chromite which break cleanly away from the serpentine country- 
rock. Similarly to the case illustrated in Fig. 170, this occurrence is not 
one of concentration in situ but one of a lode-like injection or intrusion of 
material previously segregated by differentiation in depth. Other occur- 
rences somewhat smaller lie in the neighbouring serpentine mass of Rod- 
hammeren which has an area of about 5-6 square kilometres. These two 
fields together since 1830 have yielded about 20,000 tons of chromite. 

In serpentine, the alteration-product of peridotite, chromite is accom- 
panied by those minerals which characterize this alteration, namely in the 
first place by serpentine with antigorite and serpentine-asbestos, then 
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Fi(}. 172. — Longitmliiial .section, transverse section, and plan of the Rodtjern mine ; 
from the mine plans of the Roros Mining Company. 


often by magnesite, dolomite, talc, chlorite, asbestos, and brucite ; and 
finally more seldom by chrome-mica, chrome-garnet, and chrome-ochre. 
From the small nickel content of the original peridotite, zaratite, a 
basic hydrous nickel-carbonate is occasionally formed as a coating upon 
crevices within the chromite. In a manner analogous to the separation 
of iron to form magnetite during the serpentinization of olivine rich 
in iron, so also during the alteration of chrome-diopside and of other 
chrome-silicates may chromite be formed as a secondary deposit in the 
crevices and cracks of the remaining minerals.^ This separation has how- 
ever so far as is known never led to a concentration of chromite sufficiently 
large to form of itself a useful deposit. 

The most important chromite occurrences at present are in Asia 
Minor, especially at Makri near the south-\vest coast of Anatolia, practic- 
ally opposite the island of Rhodes ; and at Daghardy south and south- 
west of Olymp ; ^ in Greece, at Burdaly in Thessaly, and upon the island of 

* B. Baumgartol, Tacher, Min. Petrogr. Mitt. XXIJI., 1904 
* K. E. Weiss, Zeit. /. praki. Oeol, 1901, p. 249. 
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Skyros ; in New Caledonia, in the Tiebaghi hills and on Mount Dere ; 
^ and in Canada. In addition, a large number of occurrences which have 
occasionally been worked on a small scale are known in the United States ; 
in places in Australia and New Zealand ; in the East Indies ; in the Cau- 
casus ; ill European Turkey ; in Servia, Bosnia, Herzgovina ; at Orsova in 
the Banat ; at Kraubat in Steierniark ; in the Bukowina ; and in Norway, 
etc. The occurrences near Ekaterinburg and Nischne Tagilsk in the Urals, 
formerly so often mentioned, have for many years no longer been of 
any importance. Their fame arose from the circumstance that at the 
birth of the chrome colour industry, the chromium ore was first obtained 
from the Urals. To-day Russia no longer exports but actually imports 
this ore. Germany too is poor in chromium, the occurrences at Silberberg, 
Grochau, and Frankenstein in Silesia, being small. The best ore comes at 
present from Asia Minor, in greater part from Daghardy, Kemikli, and 
Makri. On account of the irregularity of the deposits at these places, 
the geological occurrence of which is identical to that of those found in 
Norway, it is only very seldom possible to conduct mining systematically, 
and ill consequence the miner usually lives from hand to mouth. The 
search for ore, the winning of the irregularly distributed bodies, and their 
further preparation for the market, are consequently generally left to 
tributers or peasants from whom the ore is purchased. The mineral- 
merchant confines himself therefore to making contracts for delivery, in 
the fulfilment of which he must see that the cleanness of the ore 
satisfies the requirements of the market. 

The yearly consumption of chromite in 1890 was about 20,000 metric 
tons, most of which came from Asia Minor. Since then it has risen to 
80,000 tons. It is used particularly in the production of chrome-steel, 
chrome colours, and other preparations, and also for firebricks, etc. 
The mineral chromite, in which part of the Cr ,0.^ is generally replaced by 
Al^O.^ or Fe.,0^ and some of the FeO by MgO, usually contains 52-58 
per cent of Cr,, 03 ; 5 15 per cent of Al.^O^ ; 5-10 per cent ot MgO ; and 
25-40 per cent of iron oxides. The ore marketed, in consequence of 
contamination by magnesium silicates, does not usually contain more 
than 50-52 per cent of Cr^O.^. The price fetched by 50 per cent ore in 
European ports has latterly been about 70 shillings per ton. 


Segregations of Corundum in Peridotite. 

The deposits of corundum in North Carolina investigated by J. H. 
Pratt ^ constitute another case of magmatic segregations in peridotite. In 
these occurrences the corundum is accompanied by spinel, enstatite, etc. 

1 Amer. Jour, of Sc. Vol. VI., 1898 ; and Vol. VIII., 1899. 
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In contrast however to the deposits of chromite and titaniferous iron these 
deposits of corundum occur around the periphery of the eruptive masses and 
generally, like the nickel-pyrrhotite deposits to be described later, im- 
- mediately at the margin. 

2. The Titaniferous Magnetite and Ilmenite occurrences 
IN Gabbro, Labradorite, Augite-Syenite, Nepheline-Syenite, etc. 

LITERATURE 

J. H. L. Vogt. ‘Bildung von Erzlagerstatten <lurch Differentiation,’ Zeit. f. prakt. 
Geol., 1893, 1894 ; ‘ Weitere Untcrsuchimgen iiber die Ausschcidungen von Titaneisenerzen 
in basischen Eruptivgesteinen,’ ibid., 1900-1901. — J. F. Kemp. ‘ A Brief Review of the 
Titaniferous Magnetites,* School of Mines Quarterly, New York, 1899. In these works a 
review of the various occurrences and of the articles concerning them is given. The occur- 
rences in Norway, for instance, are described by Th. Kjerulf, T. Dahll, H. Reusch, 
J. H. L. Vogt, C. Fr. Kolderup ; in Sweden by A. SjCgren, A. E. 3’ornebojim, W. 
Petersson, Hj. Sjogren, A. G. Hoobom, and others ; in Finland by H. Blankett ; in 
Canada by H. S. HuxNT, B. J. Harrington, E. J. Chapman, R. W. Ells, A. J. Rossi, F. D. 
Adams, F. J. Pope ; in the United States by J. F. Kemp, M. E. Wadsworth, M. B. Yung, 
S. F. Emmons, G. H. Williams, N. H. and H. V. Winchell, d. H. Pratt, and others ; in 
Brazil by Orville A. Derby, and E. Hussak. Among later articles are : C. H. Warren. 
‘The Petrography and Mineralogy of Iron Mine Hill, Cumberland,’ Amer. Jour. Sc. Vol. 
XXV., 1908. — J. H. L. Vogt. ‘ Ober die korundfuhrenden Rodsand-Titaneiscnorzlager- 
statten in Norwogen,’ Zoit. f. prakt. Geol., 1910; ‘Cber das Spinell. Magnetit-Eutektikura 
(mit besonderer Besprechung der Titanomagnctit-Spincllite) ’ in Ges. der Wiss., Christiania, 
1910. The following exposition is more particularly based upon the works of Vogt. 

In certain basic and intermediate eruptive rocks having a silica 
content up to about 58 per cent, particularly in gabbro, olivine-gabbro, 
olivine-hyperite, norite, olivine-norite, and in labradorite or anorthosite, 
but more seldom in augite-syenite and nepheline-syenite, numerous occur- 
rences of titaniferous magnetite and of ilmenite are found scattered over 
the globe, all of which are connected by intermediate stages with the 
particular eruptive rock in which they occur. If those occurrences in which 
the ore content is still relatively low be taken to represent the first stages 
of concentration it is then the titaniferous iron and the ferro-magnesium 
silicates, particularly olivine, hypersthene, augite and at times hornblende 
also, which have become concentrated. Such ores or rocks which are com- 
parable to other basic segregations, are termed titanomagnetite-gabbro or 
-norite, or ilmenite-gabbro or -norite if some plagioclase be still present. 

With further concentration this plagioclase gradually but completely 
disappears and ores or rocks arise which consist only of ore-minerals and 
ferro-magnesium silicates, and which are then termed titanomagnetite- 
olivinite - hypersthenite - pyroxenite, or ilmenite - olivinite - hypersthenite- 
pyroxenite, etc. With still further concentration the ferro-magnesium 
silicates give place more and more to the titaniferous iron till finally 
almost clean titaniferous-magnetite or ilmenite remains. This frequently 
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carries some spinel of the variety titanomagnetite-spinelite, or exception- 
ally by enrichment in alumina or aluminium silicate titanomagnetite- 
corundite arises, and this also often contains spinel. 

In some cases such segregations are named after the locality in which • 
they occur, as for instance jacupirangite after Jacupirango in Brazil, 
though it is preferable to use a nomenclature which will at once suggest 
something of the composition of the rock concerned. In the table on the 
next page the compositions of several parent eruptive rocks arc given 


together with others of segrega- 
tions found occurring within them. 

That the deposits here being 
discussed actually arise by mag- 
matic differentiation follows in 
the first place from their regular 
connection with certain eruptive 
rocks and then also from the 
regular steps by which the passage 
from ore to rock may be traced. 
In addition, the evidences of pneu- 
matolytic action arc completely 
wanting. Their formation rests 
accordingly upon a purely mag- 
matic differentiation unaccom- 
panied by independent pneuma- 



toly tic processes. This process of Rmenite- norite 2" 

differentiation is identical in g ^ 

principle to that which brings ^ p:' 

about the basic margin of ^ 

dykes, the basic segregations in ^ 

the nliitonir rookq and finallv in 173 .— Differoutiatiou (liagram of the magmatic 

rne piuromc rOCKS, ana nnany m .segregations at Ekersuml-Soggcndal. Vogt. 

general the formation of melano- 

kratic rocks. There is consequently a chemical analogy between the 
analyses of titan-basalt and melilith- basalt, Nos. 2 and 3 in the 
above-mentioned table, and those of many segregations which represent 
the first stages of concentration, the only difference being that with 
the segregations differentiation has proceeded much further than it 
has with the ordinary melanokratic rocks. The course of this magmatic 
differentiation is explained by the diagrams Figs. 173 and 174 with which 


also Fig. 171 may be compared. 

The ilmenite of the final product of differentiation, ilmentite, at Eker- 
sund-Soggendal, of which a segregation diagram is given in Fig. 173, contains 
3-5 per cent of MgO in the form of a definite combination, MgTiO.^. 
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No. 

j SiOa 

T1O2 

jcraOs 

AI2O3 


! FcO 

MnO 

j MgO 

Cat) 

1 

NajjO 

KyO 

P-Ds 

S 

IlaO 

Total. 

la 

52-80 

0 50 


17-80 

1 20 

4-80 


4-80 

12 90 

3-00 

0-50 



1-20 

99-60 

16 

40-20 

4-70 

. 

9-50 

9-70 

12-20 

0-40 

8-00 

13-10 

0-80 

0-‘20 


0-40* 

0-50 

99-70 

Ic 

29-50 

9-20 


3 80 

17-80 

18‘20 

0-3 

8-70 

10-00 

()20 

0-10 


0-40* 

1-00 

99-20 

2 a 

44-55 

4 -.52 


12-48 

2-81 

8-54 


10 85 

7-99 

4-04 

2-57 

0 70 


0-74 

99-64 

26 

44-83 

6-88 


11-73 

1-35 

11-79 


5-50 

9-63 

3-84 

1-10 

2-14 


0-91 

99-50 

3a 

38-87 

4-79 

3-06 

11-94 

4-02 

6-00 


15 ‘24 

10-87 

2 59 

1-64 



2-82 

90-02 

36 1 

35-81 

8-85 

2-84 

10-48 

7-25 

6-62 


l‘2-95 

10-90 

5-53 

1-51 



1-92 

100-77 

4a ' 

47-88 

1-20 


18-90 

1-39 

10-45 

0-16 

7 10 

8.36 

2-75 

0-81 

0 20 

0-07 

0 61 

100-02 

46 

17-90 

15-66 

0 51 

10-23 

15 85 

27-94 


6-04 

2 86 



0 04 

0-14 

1-33 

9906 

5a 

44-77 

5-26 


12-46 

4 63 

12 99 

0-17 

5-34 

10.‘20 

2 47 

0-95 

0-28 

0-26 

0-60 

100-75 

56 

11-73 

12-31 


6 46 

30-68 

27-92 


3-35 

3-95 

0-50 

0-‘26 

0-82 

0 04 

0 64 

99-18 

6a 1 

53-50 

0-30 


27-50 

2 

8 


1 00 

9 50 

4-70 

0-80 

0-005 



100-00 

66 : 

31-69 

18-49 


8-54 

2.36 

24-52 


1070 

2-25 

1-03 

0-15 

0-02 



99 65 

6c 

5-70 

39-20 


2 89 

18-59 

30-00 

0-60 

2-80 







' 99-78 

ed 

0-60 

41-75 



22 11 

31 01 

0 28 

3-15 

0,55 



0-015 

Tr 


99-95 

7 

24-74 

9-53 


6-99 

24 58 

21-86 

0 69 

9 23 

2-88 



0-07 

0-01 

■ 

! 100-61 

8 

20-85 

9-93 


5-55 

45- 

62 


1 16-45 

0-73 






99-13 

9 ! 

21-25 

6-30 


5-55 

43 

45 

0 10 

! 18-30 

1-65 



o-iil 

0-013 

2-60 

99-66 

10 Ij 

16 17 

7-14 


5 31 

35-20 1 

23-22 

0 46 j 

7-56 

1-84 



0-07 

1 02 

0-40 

98-75 

11 ' 

10-37 

8-17 

0-12 

5-01 

37-35 

‘28-82 

0-31 

4-23 

4-40 

0-57 

0-12 

0-09 

0 04 

0-47 

100-61 

12 1 

7-52 

10-21 

0-11 

4 45 

46 67 

‘2‘2-10 

0-23 

3-13 

2-17 

0-52 

0-22 

0-07 

0-82 

0 37 

99-28 

13 

4-08 

14 -‘2.") 

0-20 

6-40 

33-43 

34-58 

0-45 

3 89 

0-65 

0-29 

0-15 

0-016 

0-044 

1-32 

99-75 

14 

2-32 

15-41 


4-06 

73- 

87 


3-66 

0-13 



0 009 

1-12 


100-88 

15 

1-11 

18-82 


6-18 

39-18 ' 

30-73 

0-46 

4-04 




0-08 

0-02 

0-'26 

100-95 

16 

7-30 

8-30 


6-93 

72. 

09 


2-91 

hS3 






99-26 

17 

0 51 

2-41 


39-36 

45. 

86 

0-55 

7-18 

0-47 1 



0-'22 


1-18 

97-74 

18 

7-75 

41-22 



39- 

00 

1-40 

7-65 

4-14 ' 



0-32 

0-013 


101-51 

19 i 

1 91 

1 

40-00 ’ 

1 

1 

4-00 

20-35 

, 29-57 


3-17 

1-00 






100-00 


Remarks upon the Table 

No. 1, Banded Tertiary gabbro from the island of Skye. After A. (leikie and J. J. H. 
Teall ; Quart. Jour., 1891, a, (labbro ; 6, dark band; c, ultra-basic stieak ; *, FeS. -No. 
2, Titaniferous basalt. After Tl. S. Washington, ‘The Titaniferous Basalts of the Western 
Mcditerrane.-in ’ ; ihid. 1907. —No. 3, Alelilitli -basalt. After 11. (Inibemann, Dai /Ja suite drs 
Htufaus ; Diss. Zuiielj, 1886. —No. Irt, (labbro; No. 5((, iioilte, botli from the Adirondacks, 
New York; Nos. 46 and ftb, segregations in -hr and 5a resi>eetively ; cited by Kenij). — No. 

Ijabradoritc ; h, ilmenite-norite ; c and d, ilmeiitite from Ekersund-Soggeiidal, Norway. 
After V^ogt and Koldernp. -Nos. 8, 9, and 10, Titanomagnetite-olivinite from Cumberland 
Hill in lihode Lsland, after Wadsworth ; and from Taberg and Inglamilla in Sweden, after 
Yogt.— Nos. 11 and 12, Si'gregations in gabbro from Onbirio, after Kemp. — Nos. 13, 14, 
15, Titanomagnetite-spinolite from Routivaie in Sweden, after W. Betersson, Geol. Fbren. 
Fork., 1893; and from Solnor in Norway; cited by Vogt. — No. 16, Corundum -liearing 
titano-niagnetitc from Rbdsand in Noiavay ; cited by Vogt. — No. 17, Magnctite-corundum- 
spinel ore in Cortland norite. G. H. Williams, Amer. Jour. Sc. XXXIII., 1887 ; J. H. Piatt, 
ibid. VI., 1898. — Nos. 18 and 19, Ilmenito ores from North Caiolina and St. Urbain, (Quebec; 
after Kemp and Adams. 

V20a was determined in 46, 56, 10, 11, 12 to be 0-46, 0*03, 0*33, 0*24, 0*29 per cent 
respectively ; CO .2 in 4rt, 46, 5a, and 56 to be 0-12, 0*10, 0*37, 0*32 per cent respectively ; 
Cu in 7 and 9 to be 0-03 and 0'02 per cent respectively ; NiO in 4a, 11 and 12 to be 0 02, 
0*26 and 0-31 per cent respectively ; (JoO in 11 and 12 to be 0*04 and 0-09 per cent 
respectively ; Nio-l-CoO in 15 to be 0-07 per cent. 
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This magnesia content may be explained in that the resultant ilmentite, 
at the stage of concentration characterized by ilmenite-norite, encountered 
a magma rich in magnesia. 

Fig. 174 illustrates a similar occurrence in the Lofoten Islands, that 
of segregation within gabl;)ro or anorthite-gabbro. In this case the inter- 
mediate stage of titanomagnetite-pyroxenite is rich in Al.p.^ as well as in 
MgO, so that the chemical conditions necessary for the formation of spinel 



therefore in a gabbro rock in the strict sense of the term. 
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Titaniferous magnetite or titanomagnetite consists in many cases of 
a fine or even microscopic mixture of clean magnetite, showing little or no 
titanium content, with ilmenite. There is evidence of this in the following 
figures of magnetic concentration taken from the official report of the 
Norwegian Electro-Metallurgical Commission, IJIO. 


No. 

Coiiiposition of the oro 
treated. 

Fe. j Ti0.j. 

Tons of ore per 
ton of concentrate 
l)roclncecl. 

Composition of the 
maKiietically-se pa rated 
concentrate. 

Fe. TIOa. 


Per cent,. 

Per cent. 


Per cent. 

Per cent. 

20a 

35-1 

7-2 

2-80 

09-6 

0-4 

206 

44-7 

71 

204 1 

68-5 

1-5 

21a 

42 0 

8-5 

200 

68-4 

10 

216 

49-3 

90 

1-58 S 

08-8 

1-2 

2lc 

51-2 

7-8 

1-57 

04 0 

2-4 

22 

f 50 0 

15 0 

2-12 

08-(i 

2-4 

23 

I-50-0 

13*5 

1-87 

59-1 

1 

63 

1 


No 20, a ^nd h are from Heindalen, near Langfjorden, Moldo ; No 21, a, 6, and c, 
from the neighbouring district of Jlodsand, sec No. 10 and Fig. 177 ; Nos 22 and 23, 
titanomagnetite-spinelito from Solnor and Lied, 8ondmore, see No 14, p, 2r)2 


In these tests the raw ore was reduced to grains with a maximum 
diameter of O'l mm., at which size, in the cases of Nos. 20, 21, and 22, the 
magnetite and ilmenite were in great part separated from one another, 
while in 20a the separation was almost perfect. With No. 23 on the other 
hand, seeing that the separation was not so good, the mineral individuals 
were apparently to some extent smaller than the size to which the ore was 
crushed.' In a work dealing with the microstructure of the Brazilian 
titaniferous-iron ores ^ E. Hussak shows that small crystals of ilmenite were 
often aggregated upon the octahedral surfaces of the magnetite, sometimes 
irregularly and sometimes in arborescent form. 

As indicated on p. 252 the segregations of titaniferous iron almost 
invariably carry a small amount of vanadium in the form of V.,0^ and 
occasionally a little Cr^O.^, NiO, and CoO. The amount of apatite or 
is almost always low also, though to this rule there are exceptions ; it 
may indeed sometimes happen that the apatite has become more enriched 
than the iron. The pyrite content also is fairly low. Carbon, apparently 
in the form of graphite, has been demonstrated by Hillebrand ^ to be 
present in some iron deposits. 

With the titanomagnetite-spinelite, which occurs fairly often in 
Norway and Sweden and which generally contains 7-12 per cent of spinel, 
the spinel as porphyritic crystals was the first to separate, leaving a ground- 

1 NewM Jahrb. f. Min., QeoL, Pal., 1904, I. * Kemp, loc. cit. 
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mass which, neglecting the silicate minerals and ilmenite, consisted of an 
eutectic mixture of magnetite and spinel in the proportion of 97 of 
magnetite to 3 of spinel.^ 

In the case of some Norwegian occurrences two different segregation 
sequences are found together namely : first, that of titaniferous-iron 
ore from gabbro rich in iron through titanomagnetite-diallageite and 
titanomagnetite-spinelite ; and second, that of ferro-magnesium silicates 
from olivinc-gabbro through olivine-gabbro with much olivine though little 
iron, through an olivine rock carrying only about 20 per cent plagioclase, to 
peridotite without iron. In such cases two different processes of differentia- 
tion must have continued their course concurrently in one and the same 
magma. 2 

Concerning the occurrence, the arrangement, and the distribution of the 
segregations of titaniferous-iron ore, these in general are similar to those of 
the chromite occurrences in peri- 
dotite, that is to say they arc not 
peripheral deposits, but occur in 
the central portions of eruptive 
masses. In addition, as illustra- 
ted in Fig. 2, they pass gradually 
and on all sides of their „ ... 

Fid. 1/5.- -Streak ot tii;iuo - iniignetito - spinelite 
central core to normal rock, segregations m the labr.uloilte of Ainloiien in tlie 

an occurrence explained only 
by differentiation in situ. Still 

more often however, as illustrated in Fig. 175, they occur as irregular 
streaks or even as normal lodes sharply separate from the eruptive 
rock. In this connection the so-called ‘ Storgang ’ at Soggendal, a lode 
of ilmenite-norite in labradorite, is worthy of special mention. This 
occurrence which has a length of 2*5 3 km. and a width of 30- GO m. 
possesses, as illustrated in Fig. 1, the proper tabular form of a dyke. 
Differentiation in this case must have taken place in depth, after which the 
resultant ilmenite-norite magma was extruded like any ordinary diaschist 
rock-magma through the already solidified labradorite. This explanation 
has already been given for the streaks or lodes of chrome- peridotite or clean 
chromite in peridotite. The occurrences of titaniferous-iron ore found 
in the old crystalline schists occasionally give evidence of great deforma- 
tion under pressure, the pyroxenes being often completely uralitized. 

Titaniferous-iron deposits occasionally reach very considerable dimen- 
sions as the following figures show ; 

^ _ - — 

^ Vogt, loc. cit. p. 250. 

2 Vogt, Zeit. /. 2 )rakL Geol, 1900, p. 233 ; Ancht-eutektische und anchi-morunnineralische 
Eruptivgesteinef 1908. 
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Deposit. 

Superficial Extent. 

Fo. 

TiOo. 

Routivare in Sweden — 
Titanomagnetite-spinelito 

300,000 sq. m. 

Per cent. 
50 

Per cent. 
1:13 

Taberg in Sweden — 

Titanomagnetitc-olivinito 

260,000 

31 

f 6 

Storgang in Norway — 




Ilmenitc-norite 

_J 

12.5,000 ,. ! 

1 

20 

J:18 


The greater number however are substantially smaller, while some 
are quite small. In Norway for instance there are a large number of 
these deposits with areas of 60- 5000 sq. m. or even less. 

The ores of the above-named deposits were formerly and from time to 
time smelted in the usual manner in blast furnaces. At the beginning of 
the nineteenth century for example fifteen small furnaces of this type were 
fed exclusively with ore from Taberg. To-day however these ores are of 
little economical importance, partly on account of their comparatively 
low iron content but also because of the high amount of titanic acid 
contained which, particularly if some magnesia be present, renders them 
difficult to fuse. Vogt however is of opinion that the effect of the 
titanium upon the fuel consumption has been over-estimated ; he also 
points out that from some of the deposits a rich iron concentrate may be 
obtained by magnetic separation. 

Ilmenite ores with 35-40 per cent of TiO.j and approximately the 
same amount of iron, are used to a small extent for the production of 
titanothermit, ferrotitanium, ferrosilicon-titanium, etc. ; while by fractional 
reduction in the electric furnace titanic acid may be obtained. The 
most important occurrence of such ilmenite ores are found at Ekersund- 
Soggendal in Norway ; in the large labradorite districts of Canada ; and in 
the Adirondacks of the United States. 

The Occurrences in Norway 
LITERATURE 

Vogt. Loc. cit. and Archiv fiir Mathem. og Naturv. XII., 1887 ; Geol. Fdren. Forh., 
1891. See also Vogt’s Norges Jernmalmforokomster, Norwegian Geological Department, 
1910, No. 51.— C. Fk. Kolderup. Bergcns Museums Aarbog V., 1896 ; and in addition 
other earlier works. 

The best known of these occurrences are the important deposits at Eker- 
sund-Soggendal on the south coast. As indicated in Fig. 143, an eruptive 
field or petrographical province extends here over about 1450 sq. km. upon 
land and over an unknown area below the sea. In this a large number of 
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closely-related eruptive rocks occur, among which labradorite, norite and 
quartz-norite, monzonite, banatite, adamelite, hypersthene-granite, etc., in 
addition to many dyke rocks, are worthy of remark. Within the labra- 
dorite, differentiated lodes of ilrnenite-norite occur, as illustrated in Fig. 1, 
as also do streak-hke segregations of ilmentite, some of which are also 
found in the norite. Analyses of this labradorite, ilrnenite-norite, and 
ilmentite are given on p. 252 under Nos. Gu, 65, 6c, and i)d respectively. 

In Fig. 15 the occurrence of such segregations at Blaafjeld in the neigh- 
bourhood of Soggendal is illustrated, while in Fig. 176 the streak-like lode 
of that occurrence is given later on a larger scale. These deposits are 
accompanied by dykes of norite-pegmatite and traversed here and there by 
later basic diaschist dykes from the same 
eruption. In this district which contains 
a considerable number of these titanifer- 
ous-iron deposits, about 100,000 tons of 
ore with 36-40 per cent of titanic acid, 
and from 36-38 per cent of iron have 
been obtained. 

Another field extending from Rod- 
sand toFanestrand in the neighbourhood 
of Molde, presents many interesting 
features. Within an Archa3an granite 
area, 50 km. long and 10 km. wide, a 
series of small schistose gabbro segrega- 
tions appear, within at least six of 
which a number of segregations of 
titaniferous iron are found, generally with about 50 per cent of iron 
and 7 -9 per cent of titanic acid, and at Rodsaiid with 1-2 per cent 
of cornndum. This occurrence is illustrated in Fig. 177 and an analysis 
of a selected sample of the ore is given under No. 16, p. 252. It 
would appear in this case that out of a granitic stock-magma a gabbro 
fractional-magma was first separated from which again by further differ- 
entiation the ore-deposit arose. 

In addition, similar deposits of titaniferous iron are known in at least 
thirty other areas in Norway. 



Fi(!. 17t) — 8tre:ik-like lode ol ilmenito in laV 
radorite. Illaaljcld near Soggendal. 


Tuk Occurrencks in Sweden 

The mountain of ore at Taberg described as earl}^ as 1806 by J. Fr. L. 
Hausmann^ and later more particularly by A. Sjogren and A.E.Tornebohm,^ 
is well known. In the central portion of a relatively small area of 
^ Reise durch iSkandinavien. ^ Geol. Fortn. Fork., 1876, 1881, and 1882. 

VOL. T 


8 
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olivine-hyperite— olivine-gabbro with ophitic structure — a ridge about 1 km. 

long and 400 m. wide rises 
about 130 m. above its sur- 
roundings, this prominence 
being, due to the greater power 
of resistance which the material 
of this ridge, consisting chiefly 
of titano - magnetite - olivinite, 
was able to present to the de- 
structive effect of the atmos- 
pheric agencies. In this occur- 
rence, which is diagrammatic- 
ally illustrated in Fig. 2, the 
ore contains only about 31 33 
per cent of iron. It was 
formerly worked in opencut. 

At Koutivare in northern 
Sweden another mountain of 
ore about 1600 m. long and 
200-300 m. wide likewise 
rises 160-180 m. above its 
surroundings. The country - 
rock appears to be a foliated 
and altered labradorite though 
gabbro also occurs. The ore 
itself is substantially a titano- 
magnetite - spinelite composed 
of magnetite, ilmenitc, spinel, 
olivine^ and a pyroxene 
mineral. An analysis is given 
under No. 13, p. 252. As seen 
from Fig. 178 the outline of 
this deposit is very indented 
and the occurrence is probably 
that of a streak on a large 
scale. ^ 




Fio. 177. — Maj) and section ol tlie Rodsand mining' 
field. Vogt, Zeit. f. pmkf. (Jeof., 1910, p. 65. 


In the small area, presum- 
ably of ncpheline- syenite, at 


Alno several of these deposits occur, some of which are distinguished by 


containing a considerable amount of apatite, up to 16-47 per cent of 


1 W. Peter.sson, Hj. Sjogren, GeoL Fnren. Fork., 1893. 
^ A. G. Ilogbom, Geol Foren. Fork , 1895. 
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Occurrences in Brazil. The nepheline-syenite of Jacupirango and 
Ipanema in the province of Sao Paulo also carries deposits of titaniferous 
iron.^ In some of these, carrying more CaO, the titanic acid occurs in part 
as the mineral perovskite, CaTiO.j.^ 

Occurrences in Canada. — In the extensive anorthosite areas of 
Canada many deposits ’of ilmenite occur with 32 to 50 per cent of 
titanic acid. One analysis of these is given under No. 19, p. 252. Some, 
as that at the Saguenay River near Morin, north of Montreal, and that 
at St. Paul’s Bay, 80 km. from Quebec on the St. Lawrence River, reach 
great dimensions. One on the north bank of the Saguenay River between 
Chicoutimi and St. John’s Lake is 75 m. wide. 

Occurrences in the United States. — At Sandford Lake in the 
Adirondacks, in the state of New York, deposits of titaniferous-iron ore of 



large dimensions and similar to those in Canada occur, in regard to which 
reference is recommended to the abovc-(pioted work of Kemp, and to other 
works by that author and by Adams,- 


3. Deposits of Iron Ore and Apatite-Iron Ore in Acid Rocks 

These deposits are free or practically free from titanium and occur in 
granite or other acid eruptive rock. The Scandinavian Peninsula contains 
many important deposits, some even gigantic, consisting chiefly of mag- 

^ 0. A. Derby, Airier. Jour. Sc., 1891 ; Quart. Jour., 1891 ; E. Hussak, Neucs Jahrb. 
f. Min., Geol. und Pal., 1892, 11. ; Mineral Mag. XI., 1895. 

^ Kornp, ‘ The Titaniferous Iron Ores of the Adirondacks,’ U.S. Oeol. Surv. Ann. Pep., 
1897-1898, 111. ; Zeit. f. prakt. Oeol., 1905, pp. 71-80 ; and ‘ The Ore-Deposits of the United 
States and Canada. ’ In this latter the Canadian literature of recent years, especially the 
work of Adams is fully quoted. 
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netite and subordinately of specularite, which occur in foliated granite, 
granite-gneiss, or other acid eruptive rock, and which may be regarded as 
of magmatic origin. To this group belong the economically and scientific- 
ally equally important deposits of Kiirunavaara-Luossavaara, Gellivare, 
etc., in northern Sweden, and the important field of Sydvaranger in 
Norway, besides many smaller deposits in the Lofoten- Vesteraalen 
Islands, and those of Lyngrot and Solberg in the neighbourhood of 
Arendal and Tvedestrand. 

The deposits here included vary however not inconsiderably in minera- 
logical and geological character. They form therefore no such sharply- 
defined group as the chromite and the titaniferous-iron deposits already 
described, nor as the nickel-pyrrhotite deposits yet to be described. In 
addition they in part at least have not been sufficiently investigated, so 
that different views as to their genesis are at present held. A general 
review of their common properties is therefore not given but the description 
is limited to the more important individual occurrences. Those in Norway 
are described first because genetically they are the more simple. 

Norway 

LITERATURE 

J. H. L. Vogt. Norgea Jornmaimforkeomster. Norwegian Ueologieal Department, 
1910. No. 51. 

The deposits which here receive consideration may, according to 
Vogt, be divided into the two following subdivisions, though these are 
connected by intermediate grades. 

((i) Occurrences with fairly clean iron ore or apatite-iron ore, generally 
with 55 to 65 per cent of iron, though occasionally with as much 
as 68 per cent. 

(6) Occurrences of iron ore banded with (][uartz, hornblende, epidote, 
etc., and containing on an average only 35 per cent of iron. 

Both classes occur in granite-gneiss fairly rich in orthoclase-micro- 
cline and belonging to the fundamental crystalline schists. 

Close to the south coast of Norway, at Lyngrot and Solberg, a granite 
rich in potassium-felspar and containing about 74 per cent of SiO.,, carries 
a good deal of magnetite in certain zones, forming thereby a rock termed 
by Kjerulf and Dahll ^ Eisengranilel. The clean magnetite, as indicated 
in Fig. 179, often forms narrow streaks a millimetre, a centimetre, or an 
inch thick, though in places these become thicker and thicker till finally 

1 Th. Kjerulf und Dahll, ‘ Ueber daa Vorkommen dor Eisonerzo bei Arendal, Nas 
und Kragero,’ Neues Jahrb. /. Min,, OeoL, Pal., 1862. 
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such large masses arise as necessitate separate mines for their exploitation. 
Work at Lyngrot and Solberg, abandoned between 1850 and 1860, reached 
a depth of about 150 m. The ore at the latter mine situated quite close 
to the smelting works at Nas near Tvedcstrand, contained on an average 





F[(i. 179.— Biuuls nf iiiagiietito in granite. Lyngrot. One-half natural .size. Vogt. 


66-68 per cent of iron, 0*03-0*05 per cent of phosphorus, and a 
minimal amount of titanic acid. Minerafogically the occurrence is 
peculiarly interesting in that crystals of zircon up to a centimetre in 
size were found embedded in the magnetite. At Lyngrot the ore is usually 
much mixed with apatite, this 
mineral occurring partly in grains 
of millet- or pea-size but also in 
pieces as big as the fist. The 
occurrence in this respect is such 
that the ore might often be mis- 



taken for the apatite-iron ore of 
Gellivare. In addition it carries 


Fio. 180. — Bauds of magnetite lu foliated granite. 
Solberg, near Nas. 


some hornblende, mica, felspar, quartz, etc. Occasionally also a breccia 
occurs in which fragments of all the minerals named are found together 
with pieces of the foliated granite. This breccia, illustrated in Fig. 181, 
is similar to another occurrence at Norrbotten yet to be described. 


At Sydvaranger in Finnmarken in northern Norway, at a latitude of 
69-6°, near the Russian frontier, there are occurrences of quartz-banded 


magnetite with about 35 per cent of iron, some of which are extremely im- 
portant more particularly by reason of their dimensions. These deposits 
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are found within an area 15 km. long and 2-5 km. wide of red foliated 
Archaean granite with numerous occurrences of intermediate and basic 
eruptive rocks, such as quartz-amphibole schists, gabbro, and in places 
serpentine. The ore is generally an intimate alternation of layers from 
1 to 5 mm. thick, these layers consisting respec-tively of magnetite with 



Fig. 181. — Huiid specimen Irom Lyiigrot, showing angular fiagineiits of granite (lightly 
(lotted) cemented hy magnetite (hlack), hy apatite (white), and by hornblende (liatc’hed). One- 
half natural si/e. Vogt. 


some quartz and hornblende, and of quartz with some hornblende, 
magnetite, and occasionally some secondary epidote. This banded ore, 
illustrated in Figs. 183 and 184, is often folded and crumpled. The com- 
position of the ordinary ore is indicated under No. 1 of the analyses given 
on page 264, while under No. 2 the result of an especially rich sample 
is given. The figures under Nos. 3 and 4 belonging to geologically 
similar ore from Fiskefjorden in the Lofoten Islands are given for 
comparison. 
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Syclvaranger. I FIskefjorden. 



No. 1. 

No. *2. 

No 

No. 4. 

FejOg 


1 

40*06 

‘ 42*63 \ 


FeO . . . 

15*40 

17*82 

20*18 / 

.18 ou 

SiOo . 

4.‘1*J)2 

35*42 1 

30*05 

50*28 

A]A . . 

0*8:i 

1.54 

2*41 

4*81 

MnO . 

0-.58 

0*48 i 

0*17 

0*22 

MgO . . . 

1*12 

2*60 

1*62 

3*08 

CaO . 

0*48 

2*15 

2*13 

2*02 

P 2 O, . . . 

0*07 

0*08 

0*23 

0*55 

vS . . . 

004 

' 0*03 1 

0*10 

i 0*36 ' 

TiO, . . . 

0*08 

0*09 ; 

0*33 

0*25 

Totals . 

99*23 

1 100*27 

99*85 

100*08 

Iron ... 

37*68 

i 41*94 i 

1 [ 

45*54 i 

27*88 


- — - --- ' 


' 




la addition No. 4 also contains 0 01 per cent of coi)i)er. 


The ore-bodies at Sydvaranger have very variable extension. Some 
are quite small, 1 m. long by 0*2 m. wide, while others attain very consider- 
able dimensions. Thus the principal occurrence at Bjornevand, 8 km. 
from the port of Kirkeniis, as illustrated in Fig. 185, has an unbroken 
length of approximately 3 km. with a width from 30 to 150 m. 

The composition of the ore is usually fairly uniform and the iron 
content generally keeps between 30 and 38 per cent. Exceptionally some 
sections occurring in the deposits at Ornevand and consisting of magnetite, 
hornblende, and a little epidote, contain from 48 to 56 per cent of iron 
with an average of 52-53 per cent. The separation of the ore from 
the granite is always very well defined, sometimes even strikingly 
so. The ore-bodies are crossed by dykes of granite and of a coarse- 
grained diabase which is partly fresh and partly very decomposed. Simi- 
larly to the occurrences at Taberg, Kiirunavaara-Luossavaara, and 
Dunderland, here also the larger deposits on account of their greater hard- 
ness and resistance stand out as prominences and ridges these naturally 
being higher the greater the mass of the deposit. 

The total extent of these deposits is about 1*25 million square metres. 
On an average they contain about 35 per cent of iron, 0-04 per cent phos- 
phorus, 0-03 per cent sulphur, and a trace of titanic acid. If only ore- 
bodies of greater length than 300 m., of width not less than 25 m., and with 
at least an average of 34 per cent of iron be considered, the extent would 
be some 750,000 square metres. Richer bodies than these with an average 
of 52-53 per cent of iron probably occupy only about 6000 square metres. 

Approximately 100 million tons of ore with 35 per cent of iron may be 
worked in opencut, and of this amount about 32 millions at Bjornevand 
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lie above the level of the railway there. Putting all the occurrences 
together the total amount of ore is estimated at about 2*5 million tons of 35 



Fr(}. l.S3."-Haiul specimen of the (luartz-hsunied iion ore from SydvavanKer. 
I'liree-qnarteis natural size. Vof^t. 

per cent ore per metre of depth, and in addition 20,000 tons of 52-53 per 
cent. Since the larger bodies extending to 3 km. in length have un- 
doubtedly a considerable extent in depth, the total quantity to a depth of 
400-500 m. may be estimated at about one milliard tons with 35 per cent 



Fig. 184. — Microscopic slide of the Sydvaranger ore, magnified twenty-five times, showing 
magnetite (black), quartz (white), and hornblende (singly and doubly hatched). Vogt. 

of iron. Such an estimate is however for the present only of theoretical 
interest. 

The poor magnetite ore being free from specularite allows itself to be 
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readily concentrated by wet magnetic processes. To produce one ton of 
concentrate containing 67 per cent of iron and 0-008 per cent of phosphorus, 
about 2-3 tons of ore containing 35 per cent of iron are necessary. Important 
equipments are now in the course of erection from which, beginning with 
the year 1911, it is expected to produce about r)(X),0()0 tons of concentrate 
and briquettes annually. 

Lofoten- Vesteraalen. — In the Archaean granite district of the 

Lofoten Islands, the position of 
which is indicated in Fig. 188, a 
number of ironfields arc known, 
among which some, as for instance 
those of Fiskefjord, Blokken, Siger- 
fjord, Oksfjord, (Jullcsfiord, etc., on 
the island of Hindo, carry magnetite 
or specularite banded with quartz to 
the extent that the average iron c{)n- 
tent is 30-35 per cent. Geologically 
these deposits possess a remarkable 
similarity to those of Sydvaranger ; 
that of Fiskefjord is illustrated in Fig. 
186. Other occurrences suc;h as the 
small deposit at Smorten, illustrated 
in Fig. 187, and those of Jorendal, 
Madmoderen, etc., are of richer ore 
mixed in smaller amoiint with 
hornblende, biotite, augite, quartz, 
and felspar, like the occurrence at 
Bolberg near Tvedestrand described 
Fiq. 18,0. — Map of the Bjornevand (Bjorne by Vogt and Sjl)gren.^ 

Irouorereprc ' The occurrences now being dc- 
scribed, of which including the smaller 
ones there are thousands, all occur in foliated granite with which rock they 
are genetically closely related ; they are not younger deposits hydro- 
chemically formed after the solidification of the granite. The richer occur- 
rences of the Solberg-Smorten type as well as the banded ores typically 
developed at Sydvaranger and Fiskefjord are occasionally traversed by 
younger or later granite dykes. The formation of the ore consequently 
took place in the magmatic stage of the granite. This, in connection 
with the absence of pneumatolytic and contact-metamorphic minerals, 

^ Vogt, ‘ Cber magmatische Ausscheidungen von Eisenerz im Granit,’ Zeit. f. prakt 
Qtol.y 1907 ; Hj. Sjogren, ‘ t)bor dio Eisenerze im Granit auf Lofoten und die Parallel- 
struktur dcr gebanderten Eisendtirrerze/ Oeol, Fdren. Fdrh.t 1908. 
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according to Vogt, suggests an origin by peculiar magmatic differentiation 
phenomena. 

Typical representatives of both kinds of ore are found together in the 



b'ln. 18ti.- -(^iuirt/,-bau(led iron on* in foliated granite. Section at Nedrevaiid near 
Kisketjord. llindo. Zvit.f. firali. OW., 1907, l>. 88. 


large granite area of Lofoten-Vesteraalen. The occurrence of rich magne- 
tite-hornblende ore within the poorer banded ore of Sydvaranger also 
indicates that both kinds of deposits have broadly speaking the same 
origin. To what genetic processes however the difference in detail between 
the two ores is due cannot yet be said. From time to time with the 



Kig. 187. — 'Section of iron ore in giamte at Snioiteii, in tlie Lofoten Islands, showing 
magnetite (n), red granite with streak.s ot iron ore {b), schistose gramle (c), and red granite (d). 
Vogt, ZeiLf. prakL Ueol., 1907, j). 88. 


deposits of the Solberg-Smorten type petrographical gradations between 
granite and ore occur, these gradations consisting of granite with varying 
amounts of magnetite, the Eisengraniiel of Kjerulf and Dahll. The 
analogous gradations between granite and the banded quartz-magnetite 
have not yet been observed. 

Hj. Sjogren in 1908 endorsed the view originally put forward by 
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Vogt that the banded quartz-magnetite deposits in the Lofoten Islands 
were formed by magmatic differentiation. He regarded these ores as 
epigenetic deposits which previously to extrusion were concentrated in 
depth by differentiation within the magma. The ferruginous magmatic 
material kept in solution by the help of water and other solvents 
was then afterwards forced into the position it now occupies. For 
this procedure Sjogren, in analogy with the term diaschist, proposes the 
term diamagmatic. 

It must here be remarked that the magmatic differentiation, as in 
the case of the chromite and titaniferous-iron deposits also, took place 
in many instances not where the deposits are now found but in depth, 
and that later an upward injection of the differentiated materials followed. 
Such magmatic streaks and lodes are in general to be regarded as differ- 
entiated lodes.^ The newer name proposed by Sjogren appears therefore, 
and particularly for the quartz-banded ore, to be but little apt. 

The previously mentioned titaniferous-iron deposits of Rodsand- 
Heindalen containing roughly 8 per cent of TiO.^, together with the banded 
quartz-magnetites and the rich iron- and apatite-iron ores free from 
titanium, all occur in granite areas, but with this important difference 
between them, that while the former are always bedded in amphibole- 
or in gabbro-schists, the latter occur right in the granite. This fact 
justifies the assumption that these latter have not passed through an 
intermediate stage in a gabbro-fractional-magma as have the occurrences 
at Rbdsand, but that they, by strongly active differentiation, have 
separated directly from the granite magma. 


Norrbotten in Northern Sweden 
LITERATURE 

OflBcial Reports, Swedish Commission. Schowd, Geol. Unters., printed 1877 ; 1890, 
Hj. Lundbohm, Th. Nordstrom, A. Sjooricn ; 1892, IIj. Lijndbohm, A. Sjogrrn, Fe. 
SvKNomus ; Ser. C., No. 175, 1898, Hj. Ldndboum ; Sor. (-., No. 183, 1900, W. Petersson, 
Fr. Svenonius. — Numerous papers in Geol. Fdren. Forh., among others by Fr. Svenonius, 
1885; A. E. Tornebohm, 1889, 1891 ; 0. Torell, 1890; H. von Post, 1890, 1891 ; G. 
Lofstrand, 1890, 1891, 1894 ; A. Sjogren, 1891 ; J. Lageroren, 1891 ; Hj. Lundbohm, 
1891, 1898 ; K. A. Fredholm, 1894 ; H. Backstrom, 1898, 1904 ; A. G. Hogbom, 1898 ; 
H. Johansson, 1906, 1907, 1908 ; Hj. Sjogren, 1906, 1908. — P. Gewer. Bull. Geol. Inst, 
of Upsala, VIII., printed 1908. — Several special technical articles in Jemkontoreta 
Annaler, Stockholm, amongst others by A. Dkllwik, 1906, and official reports in 1907. — 
J. H. L. Vogt. Norsk Teknisk Tidsskrift, 1897, 1898. — -Norwegian Official Report, ibid., 
1898, —Reviews in Stahl und Eison, 1899 and 1903.~L. de Launay. Ann. des mines. Paris, 
1903. — 0. Stutzer. Zoit. f. prakt. Geol., 1906 ; Neuen Jahrb. f. Min., Geol., Pal. XXIV., 
1907, in this last a full bibliography. 


^ Compare the nomenclature of Broggor, Die Oesleine der Grorndit-Titigmit-Heriey 
1894, p. 125. 
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Besides the enormous deposit Kiirunavaara-Luossavaara at Kiruna, 
the huge occurrence Gellivare, and the somewhat smaller deposits 
Ekstromsberg, Svappavaara, Leveaniemi, Mert^inen, Tuollavaara, etc., 
many other smaller occurrences are found in Norrbotten, the most 
important of which are indicated in Fig. 188 by dots. 

Within this ironfield both eruptive and sedimentary rocks occur.- 
Among the first are found; granite with gneiss; a whole number of syenite 
varieties including syenite -porphyry, syenite -granulite ; gabbro with 
diabase, etc. ; while in places quartz-porphyry also occurs. Among the 
sedimentary rocks are found slates, quartzites, and conglomerates, which 
to all appearances arc of Cambrian or perhaps of pre-Cambrian age. The 
rocks of the syenite group are in part older and in part younger than the 
Kiirunavaara conglomerate, this conglomerate being the most important of 
the sedimentary rocks. The deposits are mostly connected with syenitc- 



Fio. 189. — The iron ilcposit.s of Kiruiia. P. Gcijor, 1908. 

1, Ort’cnstoDf' ; 2, older sednnciilH ; 3, syeuiie .ind keratoph^ i e , 4, (luartz-keratophyre , 
5, yoiuiK<‘r .sediments. 


porphyry, particularly with the varieties keratophyre and quartz - 
keratophyre, but also with syenite-granulite and granite-gneiss. 

Kiruna.— -This deposit concerning its mass and metal content is 
unique. Although not absolutely unbroken, it nevertheless extends, as 
shown in Fig. 189, practically continuously for a length of about 8 km. 
“In the immediate neighbourhood of the ore-body a number of sodium- 
syenite varieties occur, a quartz-keratophyre with 71 pei cent silica forming 
the hanging- wall, and a keratophyre with 61 per cent forming the foot-wall. 
This latter rock towards the west passes over to a sodium-augite- 
syenite, with the augite almost completely altered to hornblende, the rock 
however still containing about 60 per cent of silica. In the hanging- wall 
beyond the quartz-keratophyre the so-called Haukis schists occur, 
these consisting of conglomerate, vesicular diabase, and quartzitic sand- 
stone.' 

The ore-deposit itself consists chiefly of magnetite and subordinately 
of specularite ; it also generally contains a considerable amount of fluor- 
apatite. Reckoning the amounts of Fe^O^, FeO, and CaO together, 
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these make 96-98 per cent of the entire ore-body. The remainder 
consists of 1-2 per cent of SiOg, 0-15-0-8 of TiO^, 0-2-1-0 of 0-4-l'2 

of MgO, 0-15-0*5 of MnO, 0*01 5-0-05 of S, etc. The magnetite is generally 
extremely fine-grained, very compact, and very hard. The apatite exists 
partly as microscopic crystals within the iron ore and partly as veins and 
streaks as much as and sometimes more than an inch in thickness, as 



Fj( 5. 190. —Streaks of apatite (white) in magnetite (black). Magnetite breccia in apatite. 
One-third natiiial size. Stntzer, 1907. 


illustrated in Fig. 190. The deposit consists of two portions, the larger 
known as Kiirunavaara lying to the south, and the smaller known as 
Luossavaara to the north, with Lake Luossajarvi between. The length 
of the Kiirunavaara body upon land alone is 3-5 km. but if the con- 
tinuation across the lake be included it is 4-75 km. The dip varies between 
48° and 64° to the east, and the width between 28 m. and 145 m., this width 
being ])ractically free from barren sections. At Luossavaara the ore- 
body has a length of about 1500 m. with a width of from 25 to 58 m., the 



Kiu. 191. — Section of the Kiirunavaara deposit through one of the summits of the range. 

average dip being about 65° to the east. The outcrop at Kiirunavaara 
forms the back of an extended ridge, a section of which is given in Fig. 
191 ; at Luossavaara it forms the summit of a rounded hill. This promi- 
nence of the deposit is explained by the greater resistance of the extremely 
hard and compact ore to atmospheric agencies, as compared with that 
presented by the rocks. The ridge at Kiirunavaara seen from a distance 
appears indented like a saw, with points which raise themselves one after 
the other to heights of 82, 178, 229, 248, 218, 179, 178, 206, 238, 239 and 
207 m. respectively above the lake, which itself is about 500 m. above the 
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sea. In the depressions between these heights the width of the deposit is 
generally considerably smaller, a feature which by some investigators was 
regarded as indicating a decrease of width in depth. It is however more 
rationally explained by the greater success achieved by the forces of 
erosion where this resistant body was less wide. 

The separation between the ore and its walls is generally very 
sharp, though in one place on the north-western slope of Kiirunavaara 
towards the lake, a breccia consisting of fragments of porphyry cemented 
by numerous veins of ore is observed. It is finally to be remarked that 
veins of apatite and ore, with tourmaline, zircon, quartz, etc., occur also in 
the hanging-wall porphyry east of Luossavaara, these veins according to 



Fi(i. 192. — The deposits of the Gellivare district. Jernkontoretii Annaler, 1906. 


Geijer exhibiting fluidal structure. In the foot-wall porphyry again, 
cracks and cavities are found occupied by ore, hornblende, titanite, etc. 

Gellivaee. -In this district, 6-7 km. long and 2 km. wide, many 
larger and smaller deposits appear. The country-rock is a variety of gneiss, 
rich in felspar and generally red in colour, though hornblende-gneiss, 
biotite-gneiss, and sillimanite-gneiss also occur, the latter usually in actual 
contact with the ore. In close connection with these undoubted eruptive 
occurrences of gneiss, altered granite and granite-gneiss also occur, while 
dykes of granite-pegmatite traverse indifferently the gneiss, granite, and ore. 

The ore-bodies are lenticular and conformably interbedded with the 
gneiss in which they occur. The la’-gest among them have lengths from 
250 to 500 m. or even exceptionally to 800 m., and horizontal extents from 
3200 to 42,000 square metres. In addition there are many which are 
smaller than this and which possess only some 1000 square metres of 
horizontal extent. 
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The ore as a rule is fairly coarse-grained and in consequence of an 
alternating admixture with fluor-apatite, hornblende, augite, and mica, 
it appears streaked and banded. In some places corundum has been 
found, while fluorite, and zeolite have been established as rarities. The 
iron content is high and apatite is in most places present in considerable 
amount although the average phosphorus content is not quite so higli as 
is the case at Kiruna. The iron ore, which is generally magnetite and less 
frequently specularite, constitutes together with the apatite 94-90 per 
cent of the mass, the remainder consisting of 2- 3*5 per cent 8iO.„ 0*2 d)*5 
TiO.„ 0*G-1*2 Al.,0,^, 0*4-l*() MgO, and 0*03-f)*()0 per cent of sulphur. 



Flu. 193. -““Ore brecc-ia fioiu Mertiiineii t,oiisistni}i of fragments of syenite-i)orpliyry cemented 
by magmdite. W. IVters.soii. 


The numerous other deposits in this district occur chiefly in syenite- 
porphyry and syenite-granulite. Similarly to Kiirunavaara and Gellivare 
these also are distinguished by a high iron content and by containing much 
apatite. In their geological relations too, tliey agree in most cases with 
those at Kiruna but with this difference, that the breccia found in places 
with some of the other occurrences is much more extensive in these. The 
deposit at Mertainen occurring in syenite-porphyry for instance is as a rule 
made up entirely of this breccia, veins of magnetite ramifying in all directions 
and enclosing fragments of the syenite-porphyry in the manner illustrated 
in Fig. 193. 

The following table gives the particulars of the horizontal extent of 
these gigantic occurrences and the quantities of ore corresponding to one 

VOL. I T 
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metre of vertical depth, the deposits mentioned standing at a fairly high 
angle. 



Area of Horizontal 
Extent. 

Quantity of Ore 
per metre ot depth. 

Kiruna \ Kiirunavaara . 

t 

sq. in. 
280,000 

tons. 

1,287,000 

1 Luossavaara ... 

25,000 

112,500 1 

Gellivare (excluding 00,000 m. of 

poorei material) .... 

185,000 

1 

550,000 

Ekstrorasberg 

50,000 

200,000 

Svappavaara 

50,000 

190,000 

Loveaniemi 

32,000 

128,000 

Mertainen 

10,000 

40,000 


The ore from Kirima and (lellivare, according to the amount of 
phosphorus contained, is divided ii^to the following principal classes, in 
addition to which there are a number of intermediate or sub-classes. 

(a) Kiruna, 

A-ore, with les-s than 0*05 per cent phosphorus and about 08 per cent iron. 

B-ore, with a maximum of 0*10 per cent phosphorus and about 08 per cent iron, 

C-ore, with a maximum of 0-60 per cent phosphorus and about 60 per cent iron. 

D-oro, with from 0-75 to about 2*5 per cent phosphorus and from 00 to 00 per cent iron. 

F-ore, with from 2 to 3 per cent phosphorus and from 55 to 00 per cent iron. 

G-ore, with more than 2*5 per cent ])ho8phorus and from 55 to 00 per cent iron. 

(b) Gellivare. 

A-orc, with less than 0-035 per cent phosphorus and about 68 })er cent iron. 

C-oro, with from 0-035 to 0-8 per cent phosphorus and from 02 to 00 jier cent iron. 

D-ore, with more than 0-8 per cent phosphorus and about 02 per cent iron. 

Only a relatively small portion of the entire output of these two moun- 
tains of ore is low in phosphorus. The bulk from Kiruna contains 
l-5'-2 per cent and that from Gellivare about 1 per cent. Both mines 
therefore chiefly produce Thomas ore. 

Concerning the quantity of ore probable at Kiirunavaara there has 
been much discussion. It was maintained by many that from the smaller 
width of the ore-body in the depressions in comparison with the greater 
width at the heights, and from the results of some bore-holes put down 
before the year 1898, that the ore in depth would fairly quickly disappear. 
Vogt in 1898 strongly opposed this view and it has since been proved, 
partly by other bore-holes and partly by magnetic survey, that this ore 
does in fact extend to considerable depth. The deposit indeed may be 
regarded as a magnetic wall strikiiig north-south and dipping 60° to the 
east. The upper magnetic pole, according to the comprehensive magnetic 
work of V. Carlheim-Gyllenskold/ lies at a depth of approximately 
100 m. below the outcrop, while from the course taken by the lines of 
^ Jernkontoreta Annahr, 1907. 
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magnetic force the centre may be calculated to be about 1100 m. below this 
outcrop. The total extension in depth may therefore be estimated to be 
some 2200 m. Above the level of Lake Luossajarvi the quantity of ore in 
the combined occurrence Kiirunavaara-Luossavaara according to different 
estimates lies between 233 million and 292 million, or in round figures 
250 million tons, and the total quantity to a depth of 300 m. below that 
level, 750 milhon tons. These figures may be compared with those 
previously given on p. 196 for the quantity of ore originally in the deposit. 

From the opening of the Gelhvare-Lule& railway, 211 km. long, 
in 1888 and up to and including the year 1908, 13-1 milhon tons of ore 
were shipped from Gellivare. Similarly, from the opening of the Kiirun- 
avaara-Norvik line in 1902, and up to 1908, 8*4 milhon tons were shipped 
from Kiruna. The output for the year 1908 itself from Gelhvare was 
869,000 tons, while that from Kiruna was 1,649,851 tons. This latter cor* 
poration however has the intention to increase its output from and includ* 
ing the year 1916, to 3*2 milhon tons of ore containing 2 milhon tons of iron. 

The genesis of these occurrences in Norrbotten has long been a disputed 
(question, that of the deposits at Kiruna especially having provoked much 
discussion. According to the view formerly held in Sweden the porphyry 
was regarded as sedimentary halleflinta and the ore as a sedimentary 
deposit. The eruptive character of this so-called halleflinta was recognized 
however by Tornebohm in the year 1889. Some authorities, and among 
them more particularly Backstrom in 1898 and de Launay in 1903, 
C(msidered the different occurrences of porphyry to be sheets and the ore 
to be younger than the porphyry in the foot-wall and older than that in 
the hanging-wall. The deposit was then regarded as sedimentary and the 
accretion of ore as having arisen by pneumatolytic processes from the 
igneous sheet in the foot -wall. Others considered the deposits to be of 
contact-metamorphic or even of metasomatic origin. 

According to recent investigation, and especially that of Stutzer, the 
varieties of porphyry occurring in the immediate neighbourhood of the 
ore must be regarded not as sheets but as intrusions. As already men- 
tioned, the porphyry to the west of the occurrence passes gradually over 
to the deep-seated rock, syenite. Stutzer, Geijer, and others, have shown 
that the ore is not only younger than the porphyry in the foot-wall but also 
than that in the hanging- wall. It must consequently be regarded as an 
intrusive occurrence. The breccia already mentioned as being found not 
only at Mertainen but also at Kiruna and Gellivare, is convincing evidence 
of this intrusive character. Further, the magnetite-apatite admixture of 
Kiruna and of the neighbouring deposits occasionally exhibits a fluidal 
structure such as can only be explained by its existence originally as a 
fluid magma. According to Stutzer the occurrences at Gelhvare correspond 
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genetically with those at Kiruna, with this difference however that at Gelli- 
vare both the country and the ore have subsequently suffered intense meta- 
niorphism. To us a closer examination of this latter assumption appears 
however desirable. In any case reviewing all the evidence the conclusion 
is reached that both the Norwegian as well as the north Swedish iron 
deposits just described have been formed by processes of magmatic 
differentiation in acid eruptive magmas. 

The occurrence at Solberg near Tvedestrand and the rich ore-bodies 
in the Lofoten Islands greatly resemble the A-ore of Gellivare, and between 
the apatite-iron of Lyngrot and that of Gellivare the mineralogical resem- 
blance is equally remarkable. The apatite has in many cases, though 
certainly not in all, been concentrated by magmatic differentiation con- 
currently with the iron, an occurrence also met now and then in* 
segregations of titaniferous iron. The titanic acid however which is so 
characteristic of these latter deposits is either entirely wanting in those in 
acid eruptives or occurs only in very small amount ; at (Jellivare and 
Kiirunavaara for example it seldom reaches more than 0-5 per cent. In 
this connection the enrichment of zircon at Solberg mentioned on p. 261 
is genetically interesting. 

While the above-described deposits of the Lyngrot-Solberg-Smorten 
and the Sydvaranger types occur in foliated granite fairly rich in 
potassium felspar and with at least 70 per cent SiO„ the deposits of Kiruna 
among others in Norrbotten show a genetic dependency upon a magma 
which was more basic and which contained relatively more sodium. 

It is probable that the magmatic segregations in acid eruptive rocks 
such as have just been described are both in distribution and number 
much more extensive than would appear from the literature on the subject. 
The very important deposit of Grangcsberg in Middle Sweden which contains 
about 62 per cent of iron and I per cent of phosphorus, and the much 
smaller occurrence at Nissedal in Norway with 58-60 per cent of iron and 
about 1-75 per cent of phosphorus, exhibit in many ways so pronounced 
a resemblance to the deposits at Gellivare and Lyngrot that they probably 
have the same genesis. Again, the banded quartz- magnetite ore of the 
Sydvaranger type is identical in structure with the so-called Torrsten 
or lean ore of Striberg and other mines in Middle Sweden. On these 
grounds among others, some Swedish investigators, and especially H. 
Johannsson and Hj. Sjogren, have come to the conclusion that the 
deposits of Grangesberg, Striberg, Norrberg, Persberg, Dannemora, etc., 
in Middle Sweden were originally formed by magmatic processes subse- 
quently to which they suffered intense alteration. According to their 
view two principal phases may be distinguished in these occurrences, 
namely, the primary formation and the secondary alteration. 
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The genesis of these Swedish occurrences, which include such divergent 
types as Griingesberg on the one hand and Dannemora on the other, appears 
nevertheless to be far from clear. Some of them may be of magmatic 
origin, belonging therefore to the group of deposits now under description, 
while others appear obviously to have been formed otherwise. On 
account of this uncertainty as to their genesis these deposits in Middle 
Sweden, which it has been the custom to regard as all of one group, will as 
such be treated together in a later section. 

From the recent description by Newland,^ it would appear that several 
of the deposits of titanium-free magnetite of the Adirondacks in the United 
States are probably closely related to the above-described Scandinavian 
occurrences in granite or other acid eruptive rock. The Adirondack deposits, 
some of which have large dimensions, occur in foliated granite or in acid 
eruptive gneiss. They are sometimes low in phosphorus, though some- 
times they contain up to 2 per cent, corresponding to 10 per cent of apatite. 
They arc consequently typical apatite -magnetite deposits. The iron 
content is high, 60-70 per cent, while the limit of payability is 35 per cent. 
Quartz, felspar, pyroxene, hornblende, etc., occur as gangue. The form of 
the deposit is tabular like that of those in Scandinavia. Granite-pegmatite 
often occurs as country-rock. 

Newland mentions more than once the occurrence of gradations be- 
tween the deposit and the rock and comes to the conclusion that the ore 
presumably has arisen by differentiation within an acid eruptive magma. 
The admixture of apatite, hornblende, fluorite, etc., he believes however to 
have resulted from pneumatolytic or pneumatohydatogenctic processes. It 
is more probable however that these minerals, with the povssible exception 
of fluorite, were also formed by magmatic differentiation. A closer com- 
parison between these deposits and those of Scandinavia described above 
would it is thought afford much help in solving the genesis of the entire 
group. 

The well-known iron deposits of Wyssokaia-Gora and Goroblagodat, in 
the Urals, have also been regarded by some investigators as magmatic 
segregations in syenite. These deposits however possess so many pro- 
perties common to contact-mctamorphic deposits that it is preferable to 
describe them under that group. 

Occurrences of Rutile in Granite 

Of more than ordinary interest are the strikingly related occurrences 
of rutile in granite at Kragero in Norway, and at Roseland in Virginia, 
which have lately been described by W. C. Brogger ^ and by J. L. Watson.^ 
1 D. H. Newland, Kcon. Geol. II., 1907. 

® Qes. d, IFm., Christiania, December 2, 1903. * Econ, Geol, II., 1907. 
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In the first mentioned occurrence the rutile is accompanied by a 
moderately acid plagioclase, forming a rock which Brogger terms 
‘ krageroite ’ and which generally contains 10-50 per cent of rutile. 
It occurs streak-hke in foliated granite in the neighbourhood of an 
enormous dyke of granite-pegmatite on one side, and of olivine-hyperite 
with amphibolite on the other, both of which are traversed by apatite- 
rutile veins. At Roseland the rutile deposits, usually containing 10-30 
per cent of rutile together with felspar, quartz, and occasionally also 
some ilmenite, occur likewise in granite, which in part is foliated. Here 
also they are found with dykes of granite-pegmatite on one side and with 
diabase and gabbro on the other. In both cases the rutile is a magmatic 
product formed during consolidation, though whether it became assembled 
by magmatic differentiation or was introduced by pneumatolytic processes 
cannot yet be said. These two deposits supply the present demand for 
rutile which amounts to some hundreds of tons per year. 


B. THE SULPHIDE SEGREGATIONS 

At ordinary furnace temperatures, 1200°-17()0° C., molten silicates and 
sulphides show a limited mutual solubihty. Upon fusion, slag and 
matte separate from one another though not completely ; on the one 
hand the sulphides hold a very small amount of silicate in solution, 
while on the other the silicates hold some sulphide, having the formula 
RS, where R=:Fe, Zn, Mn, Ca, etc. The solubility of sulphides in sihcates 
varies with the different sulphides. All other conditions being equal and 
particularly that of temperature, this solubility is materially greater in 
basic silicates, that is those rich in FeO, ZnO, MnO, CaO, than in those 
which are acid. 

The effect of temperature is to markedly increase the solubihty. In 
the neighbourhood of 1500° C. basic slags can take up as much as 7-9 
per cent of MnS, ZnS, or (Zn, Fe)S, in solution ; with FeS and CaS the 
solubihty is somewhat less ; while with NiS, CoS, PbS, Cu.,S, and Ag.^S, 
it is very small.^ At the cooling of such molten sihcates the minerals sphale- 
rite, ZnS or (Zn, Fe)S ; alabandite, MnS ; and CaS, crystallize early, while 
the separation of FeS on the other hand appears only to commence later. 
If the mutual solubihty of two fused masses rises with the temperature 
it must often be the case when this is sufficiently high that the composition 
of the two masses is the same, that is to say, complete mixing will have 
taken place. Since also according to experience the solubihty of sulphide 
in molten silicate rises markedly with the temperature it may be assumed 


Vogt, SilikatschmelzlOsungen, I., 1903, 
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that silicate and sulphide at the very high temperature which will exist 
in the heated magmas of the earth’s interior, will completely mix, and 
original magmas in consequence must be assumed to hold a considerable 
amoimt of sulphide in solution. 

To illustrate the separation of the sulphide in solution from an original 
highly-heated molten silicate rich in sulphur the most simple case may be 
taken where but two components a and h are present. In Fig. 194 the 

n 



Fic. 194. — Diii^^rani t'xj)laiiiiiig the .se})iiiatioii of a sul])lii<le from a molten silicate magma. 


percentage relation between these two components is represented by the 
abscissae ; the ordinates represent the temperature. Ta and T6 are the 
melting points of a and b respectively. The curve cpmqfd is that of the 
solubility for a binary magma with limited mutual solubility. Ta to 
c and T6 to d are the curves of solidification.^ With an original highly- 
heated molten silicate of the composition n, a and b are completely soluble 
in one another. Upon cooling to temperature Tp however the separation 

^ Compare Fig. 66 of The Natural History of Igneous Rocks, by Alfred Barker. 
London, 1909. 
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into two fused materials begins, one being p consisting in greater part of 
a with some 6, and the other q consisting in greater part of b with some a. 
With further cooling the separation becomes more pronounced until at 
one stage two fused materials of composition c and / appear. From that 
designated c the component a crystallizes with sipiultaneous crystallization 
of some of the material/. This material in cooling further follows the 
curve /(Zwith crystallization of some of the material a, till finally the material 
d solidifies with simultaneous crystallization of a and h. 

The separation of sulphide magma from silicate magma is how- 
ever most certainly not so simple as in the above illustration, since each 
may consist of a whole number of components, and the fusion points of 
some sulphides vary considerably from those of others. The composition 
of clean nickel-pyrrhotite from Sudbury for instance or of pyrite from 
Huelva or R(>ros appears according to Vogt to indicate that the final 
crystallization of the sulphides took place from molten solutions, which still 
contained one or two per cent of silicates, the composition of such pyritic 
masses being similar to that at point d in the above-mentioned Fig. 194. 
In addition it must also be remarked that fused sulphides, such for instance 
as the mattes of iron, copper, nickel, lead, etc., are very fluid or in any 
case are much more fluid than even the most fluid silicates. They may 
therefore find their way into the smallest cracks or fractures of the country- 
rock to form there the so-called intrusive lodes and fahlbands. 


(1) The Nickel-Fyriutotitk Group 
Nickel- Pyrrfiodle Deposits in Gahbro. 

LITEIiA'l’URE 

J. H. L. Vogt. Articles in the ZeU. f. prakt. Oeol., 1803, cited on p. 242. 

The numerous nickel-pyrrhotite deposits found in different countries, 
and especially in Canada, Norway, Sweden, Pennsylvania, in the Monte Rosa 
district of Piedmont, etc., in their mineralogical and geological relations 
form a sharply-defined group. The most important characteristic common 
to them all lies in their occurrence within or at the margins of gabbro masses, 
chiefly norite, or exceptionally in the volcanic rocks corresponding to this 
plutonic rock. To this characteristic must be added the mineralogical 
and chemical simplicity of the ore and the gangue. 

Geological Position of the Deposits . — Of about 50 nickel-pyrrhotite 
occurrences distributed over Norway the greater number occur in fresh 
unaltered norite which often carries diallage, sometimes olivine, and at 
other times quartz, the latter association forming quartz-norite. Some 
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of them however occur in gabbro more or less greatly uralitized, the pyroxene 
being so completely altered that the rocks were formerly regarded as gabbro- 
diorite and later as uralite-gabbro. The term gabbro in this connection 
must therefore be regarded as a collective name since it cannot be decided 
whether the original roc^ was gabbro in the strict sense of that term, that 
is with monoclinic pyroxene, or norite with rhombic pyroxene. The same 
petrographical characteristics also hold good for the more important of 
the Swedish deposits. Similarly at Varallo on the south slope of Monte 
Rosa the deposits occur in norite which sometimes contains olivine but 
at other times docs not. The nickel -bearing rock at Sudbury in (Canada 
is also an occurrence of norite which usually contains a small percentage of 
(quartz but which, though agreeing with some of the Scandinavian occur- 
rences in regard to its silica content, is somewhat more acid than the rock 
enclosing the nickel occurrences in the majority of cases there. 

The variety of gabbro which favours the nickel-pyrrhotite deposits 
is therefore one which carries hypersthene. Occurrences in diallage-gabbro 
are more rare, though such do occur, as for instance in the olivine-diabase 
of Lundorren in Sweden and in the hornblende-olivine-diabase of Sohland 
in Saxony, etc. In by far the greater mmiber of cases in Canada, Norway, 
and Sweden, the gabbro is of Archaean age. Sometimes in Norway how- 
ever it intrudes regionally-metamorphosed Cambro-Silurian rocks and the 
intrusion presumably occurred in connection with orogenic movements of 
Devonian age. 

It is characteristic of these nickel deposits that in their immediate 
neighbourhood a number of segregations of basic or ultra-basic rock occur. 
With many of the occurrences in Norway, as for instance with those at 
Erteli, Espedal, H()iaas near Tvedestrand, Nonaas in Hosanger, Senjen, 
as well as at Varallo in Italy, there are occurrences of bronzite-amphibole- 
olivinite or araphibole-picrite close to the deposits. Similarly at Romsaas 
in Norway, as illustrated in Fig. 202, segregations of a spherical norite 
containing 80 per cent of bronzite, hornblende, and mica, are found. It 
is also reported from Sudbury that the norite in immediate proximity to 
the deposits is more basic than at a distance. 

Further the gabbro is often crossed by acid leucokratic streaks and 
dykes, between which and itself the intermediate stages marking a gradual 
passage from one to the other may often be recognized, even though these 
acid inclusions may have a granitic composition. Upon these and other 
grounds the conclusion may be drawn that these acid streaks and dykes 
have arisen by differentiation within the gabbro magma, a differentiation 
in the acid anchi-eutectic direction. They are found in several Norwegian 
mines, as for instance at Flaad in Evje and at Skjakerdalen, in consider- 
able extent and in close connection with nickel deposits. 
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Mineralogy and Chemistry of the Deposits . — The most important ores 
are pyrrhotite, pyrite, and chalcopyrite. Analyses of apparently clean 
pyrrhotite from deposits in gabbro, collected from the most varied 
geographical distribution, have given 2-5 per cent of nickel and 
some cobalt. In some cases these two met^Lls together have been 
responsible for 8-12 per cent of the mass but only when by chance the 
mineral pentlandite has been present. On the other hand the pyrrhotite 
occurring with the fahlbands in the gneiss of the crystalline schists in 
Norway, Sweden, the Erzgebirge, Canada, etc., generally contains a much 
lower amount, some 0*2-0*5 per cent of nickel and cobalt together. Here- 
in lies an essential and extremely characteristic difference between the 
pyrrhotite of the two different classes of deposits. It was formerly thought 
that the nickel and cobalt content of these pyrrhotite deposits was associated 
with the constitution of that mineral, in that the chemical place of a small 
amount of the iron content was actually taken by these two allied metals. 
This view however is not correct. With many of the occurrences in Norway, 
Sweden, and Canada, the mineral pentlandite may be recognized even with 
the naked eye as the vehicle of the nickel.^ This mineral is the compound 
(Fc, Ni)S, sometimes with 22 per cent of nickel corresponding to the pro- 
portion 2 Fe : 1 Ni ; at other times with about 34 per cent corresponding 
approximately to 1 Fe : 1 Ni, some cobalt in addition being always present. 
It is known to be non-magnetic. In the treatment of apparently quite 
clean pyrrhotite from different mines in Sudbury, Ch. W. Dickson^ from the 
powdered material was able to magnetically separate a magnetic portion 
with but a low nickel content from a non-magnetic portion which contained 
about 34 per cent, a percentage which corresponds almost exactly to the 
formula (Fe, Ni)S. In addition, W. Campbell and C. W. Knight ® working 
on metallographic hnes demonstrated the presence of microscopically fine 
pentlandite intergrown with pyrrhotite and chalcopyrite in samples of 
pyrrhotite from various occurrences in Canada. Norway, Sohland in Saxony, 
and from the Gap mine in Pennsylvania. By these investigations it is 
established that the preponderating amount of nickel in pyrrhotite is 
accounted for by the admixed pentlandite ; whether in addition a smaller 
nickel and cobalt content enters into the constitution of the pyrrhotite 
remains still an open question. Extensive technical research has been 
undertaken to discover a satisfactory means of separating magnetically and 
on a large scale the embedded pentlandite from the pyrrhotite. Since 
however the fgrmer mineral only occurs in very fine particles, the finest 
grinding is necessary or considerable loss of nickel occurs. 

' Scheerer, Poggendorffs Annalertf Vol. 68, 1843 ; Vogt, Qml. Foren, Fork, 1892 ; 
Penfield, Am. Jour. Sc., 1893. 

* Trans. Am. Inst. Min. Eng., Feb. 1903. 

® Eng. and Min. Jour., Nov. 17, 1906. 
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In addition to pentlandite, some polydymite, Ni^^FevS^, is also occasion- 
ally found in some Canadian mines.^ Millerite, NiS, also occurs, this mineral 
haying been found in Canada, in the Gap mine of Pennsylvania, as well 
as in other mines, though it is however generally regarded as a secondary 
product. ^ 

An average sample from a number of Norwegian and Swedish mines 
would give generally 1 Co to 8—15 Ni, while with the Canadian deposits 
a ratio of approximately 1 : 40 has been established. 

Ordinary pjrrite occurs here and there in preponderating amount, 
though this is seldom the case. Generally it is scarce and where occurring 
is found as idiomorphic crystals embedded in pyrrhotite or chalcopyrite. 
Such crystals in some Scandinavian deposits contain relatively much 
cobalt and but little nickel, the relation for example may in some cases 
be 10—12 Co : 1 Ni, whereas in the surrounding pyrrhotite it would 
be 0-08-0-16 Co : 1 Ni.^ , 

The proportion between the chalcopyrite and the nickel-pyrrhotite 
plus pyrite varies in different occurrences only between narrow limits. 
Generally there is about fifteen times as much p 5 m*hotite plus pyrite as 
chalcopyrite. Average samples of ore from Scandinavian mines give 
1 Cu : T3-2 Ni, while those from Canada contain 1 Cu : 0-8— 1*5 Ni. 
This proportion however may vary in different parts of one and the 
same deposit ; it has indeed been observed both in Canada and in 
Scandinavia that the chalcopyrite is more abundant in the outer portions 
than in the centre of a deposit. The texture and aggregation of the ore 
is usually such that the chalcopyrite can only in part be separated by 
hand ; more generally it is so finely distributed that it must be treated 
with that portion smelted for nickel. Several of the deposits here 
described indeed were in former years exploited for the copper they 
contained. 

Magnetite and titaniferous magnetite are often found in nickel- 
pyrrhotite deposits, samples of the latter mineral from the Murray mine, 
Sudbury, containing 18’35 per cent of TiO^. Marcasite, cobaltite, danaite, 
annabergite, gersdorffite, bornite, galena, sphalerite, and molybdenite, 
have been found as mineralogical curiosities in some deposits, though 
always only in small amount. It is characteristic of the entire group that 
the most common ores such as galena and sphalerite are almost always 
completely absent. In the nickel matte formed when these ores are smelted 
it is usually the case that not even traces of lead, zinc, arstnic, antimony, 
or bismuth, can be detected ; on the other hand the presence of^ the 
platinum metals in very small amount, and of gold and silver, may be 

^ Clarko and Catlett, Am. Jour. Sc., 1889. 

* Vogt, Zeit.f. prakt. Qeol, 1893, p. 270. 
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regarded as characteristic. The rare arsenide of platinum, sperrylite, PtAs 2 , 
as is well known, was first discovered in the weathered outcrop of one 
of the Sudbury mines.^ Small amounts of platinum and other platinum 
metals, of gold, and of silver, as already stated on p. 155, have been 
established in nickel ore in Canada, Norway, ainj Sweden. ^ 

Morphology of the Deposits.- Gabbro according to numerous analyses 
usually carries 0- 1-0*25 per cent of sulphur, corresponding to 0-2-0-5 per 
cent of sulphides, pyrrhotite or pyrite, which minerals are to be regarded 
as primary though accessory constituents of the rock. Within an occur- 
rence of gabbro it is often the case that in some parts the sulphide content 
is considerably higher, reaching 2-5 per cent of the mass, a figure 
which may less frequently rise to 10 or even 30 per cent without disturbing 
the proportion between the plagioclase and the unaltered pyroxene con- 
stituents of the rock. Since in this case the pyritic gabbro in its structure 
still resembles the normal rock poor in sulphide, petrographically it can 
only be regarded as a variety of that rock. It corresponds therefore to the 
ilmenite- or titanomagnetite-gabbro, -norite and -pyroxenite, and by Vogt 
has consequently been termed pyrrhotite-gabbro, a name which has since 
been adopted by many other authorities. During the nickel boom in the 
’seventies many mines in Norway started to work such pyrrhotite- 
norite or pyrrhotite-gabbro containing only some 30 per cent of these 
sulphides. 

With those deposits where the sulphides are greatly concentrated 
the petrographical nature of the ore is more complicated and often some- 
what variable in difierent deposits. Such occurreiices also are often to 
be regarded chiefly or entirely as pyrrhotite-gabbro, even when containing 
some 50-75 per cent of such sulphides. In many cases the mass is 
practically one of clean sulphides, pyrrhotite, pyrite, and chalcopyrite, 
while a breccia structure may often be observed both on a large and 
small scale. This structure arises when fragments of the country-rock, 
normal gabbro or pyrrhotite-gabbro, are surrounded by solid sulphide. 
Moreover sulphide veins are often seen to traverse the country-rock, 
one such vein of a larger size being illustrated in Fig. 1(5, while the 
ramification of such veins on a smaller scale along the cracks and cleavage- 
planes of the other constituents of the gabbro is illustrated in Figs. 195 and 
196. It must also be remarked that particles of almost clean sulphide 
are not only occasionally associated with the ordinary minerals of the 
gabbro but also with quartz, which material is then present even to the 


^ Penfield and Wells, Ain. Jour. Sc. XXXVII., 1889; Zeit. f. Krist. Min. XV., 1889. 

* F. W. Clarko and C. Catlett, Am-. Jour. Sc., 1889 ; T. Ti. Walker, ibid., 1896 ; W. 
Dickson, ibid.^ 1903 ; Vogt, Zeit. f. prakt. OeoL, 1902 ; F. M, Stapff, Berg- und IJutlenm. 
Zeit., 1868. 
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extent of being more abundant than the quartz in quartz-norite. The 
leiicokratic streaks and dykes described above as occurring in some mines, 
also occasionally carry some pyritic sulphide as an accessory constituent 
of their mass. 

The nickel-pyrrhotit^ deposits in by far the greater number of cases 
occur in the peripheral portions of a gabbro mass, and often actually at the 
contact of the gabbro with the country-rock, especially if that be gneiss, 
mica-schist, foliated granite, etc., this situation being illustrated in Figs. 
198—201, 203, and 204. In these cases the separation between the pyritic 
mass and the gneissic country-rock is usually fairly clean, whereas, as 
illustrated in Fig. 197, in the direction of the gabbro on the other hand, a 
gradual transition through pyrrhotite-gabbro with decreasing amounts 



Fio. 19.5. - Pln^MOflase 
crystals from the i)yrrliotitc* 
gabbro of tlie Flaad mine 
in Norway, travel sod by 
jiyrrhotite veins. Vogt, 
jieit. f pruJd. (real., 1899, 
p. 199. 



Norway, showing iiyrrhotite veins fiaetunng the felspar 
and ])iirtly dissolving the diallage in their course. The 
]iyirhotite at the contact with the ])lagioclase is bordered 
with a garnet zone. Magnified 120 times. Vogt, Jicit, 
J.pnikt. (JeoL, 1899, p. 139. 


of sulphide takes place. At times also the country -rock in the neighbour- 
hood of the contact is so traversed or impregnated with the sulphide 
that it is mined and smelted. In Norway occurrences are known, at the 
Ringerike mines for instance, where a finely-foliated gneiss in immediate 
contact with the norite has been so impregnated with pyrrhotite, pyrite, 
and chalcopyrite, as to present the appearance of a fahlband in the gneiss. 
In one small mine indeed this ‘ fahlband ’ and the poorer norite were 
worked. 

The deposits occurring at the contact of gabbro with gneiss, etc., are 
generally most irregular in form, and the width of the deposit may vary 
greatly even between two places quite close together. In depth however 
it is the experience that many of these deposits maintain their dimensions 
better. Deposits which occur in tlie central portion of a gabbro mass, 
as for instance that at Klefva in Sweden, are less common. In that mine 
several irregular though extensive streak-hke lodes are worked. In this 
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connection reference is made to Fig. 202 showing the occurrence at Romsaas 
in Norway, and to Figs. 204 and 205 illustrating that at Flaad in the same 
country. 

Genesis of the Deposits.-^ An suggested more particularly by Vogt in 
1893^ the nickel -pyrrhotite deposits are to be regarded as magmatic 
segregations in gabbro or in chemically analogous volcanic rocks. The 
following points speak for such an origin : 

1. The connection of the numerous deposits in different countries 
with occurrences of gabbro or exceptionally with the volcanic representa- 
tive of that deep-seated rock, is constant and regular. 

2. The several occurrences so resemble one another not only geo- 
logically but also mineralogically that they must be of the same genesis 



Fuf. 197.- -Section on a large scale of the occurrence in tlie Meiiikjar mine, Norway, 
further illustrated in Fig. 201. Vogt, f. jprakt. (hoi., 18913, p. 137. 

throughout, while the unvarying character of the deposits postulates a 
simple process of formation. 

3. Gradations between ore and gabbro through the intermediate 
stage of pyrrhotite-gabbro are often to be observed and therefore the ore 
essentially must have been formed in a similar manner to that rock. 

4. The structure of the clean or almost clean sulphide mixture with 
idiomorphic crystals suggests crystallization from a single magmatic 
solution and not from several solutions following one another as was 
evidently the case for example with the lead -silver-zinc lodes. 

5. The deposits often occur in those parts of a gabbro mass which 
are distinguished by pronounced magmatic differentiation of the eruptive 
rock. 

1 Op. cit. ; also Oeol Foren. Forh.y 1891, p. 629 ; 1802, p. 321 ; Zeit. d. D. Qcol. Oes., 
1891, p. 819. 
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6. The deposits are sometimes crossed by dykes of basic rock, diabase, 
olivine-diabase, etc., which are to be regarded as later effusions of the 
same eruption of gabbro. The formation of the ore belongs therefore 
to the magmatic period of the rock in which it occurs. Such dykes are 
illustrated in Fig. 200. 

7. Some of the deposits are traversed and accompanied by acid leuco- 
kratic streaks and dykes which represent the acid segregation products 
from the gabbro-magma, from which also it follows that the formation of 
the deposits took place during the magmatic period of the eruptive rock. 

8. The characteristic presence of titanomagnetite allows a manner 
of formation analogous to that of the magmatic titaniferous-iron deposits 
to be postulated. 

9. Pneumatolytic minerals are completely wanting. 

10. The minerals usually formed in the wet way are not present as 
part of the primary formation. 

In addition to these points, others such as arise from observation in 
particular cases are quoted later. 

By this theory the peculiarities of this group of deposits are explained. 
Concerning the characteristic presence of nickel, cobalt, and copper, it 
follows from the constant association of these deposits with basic eruptive 
rocks that these metals must be derived from such rocks. Since also 
the ore according to the theory here presented is of magmatic origin the 
nickel, cobalt, and copper contained, must be traced back to that period. 
It may well be that a sulphide, RS, dissolved in the magma, has been the 
means of effecting the transfer of these metals from an original combinatioi\ 
with silica to one with sulphur, thus, RS -f NiO . (Fe,Mg,Ca, . . . )0 . mSiO., 
= NiS + RO . (Fe, Mg, Ca, . . . )0 . inSiO,. The basic rocks admittedly 
are distinguished in general by the presence of nickel, cobalt, and copper, in 
small amount. It is just these metals which are the most readily con- 
verted to sulphide, Fournet’s sequence in this connection being Cu, Ni, Co, 
Fe, Sn, Zn, Pb, Ag, Sb, and As. The occurrence of the platinum metals in 
magmatic deposits, for instance metallic platinum in peridotite, and a low 
platinum content in nickcl-pyrrhotite, etc., has already been mentioned 
on p. 155. 

The disposition of these pyrrhotite occurrences in the marginal 
portions of eruptive masses is analogous to many other phenomena of 
magmatic differentiation. The fractional magmas which separating 
from one another finally give rise to dykes of varied composition, move 
as they are formed in the direction of the cooHng surfaces and there coUect. 
The corundum deposits mentioned on p. 250 as occurring along the margins 
of some peridotite masses, are illustrative of this. At times, though 
seldom the case, pyrrhotite-gabbro occurs within the gabbro and more or 
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less removed from the periphery. Such an occurrence probably resulted 
when a magma, rich in sulphide, collected originally near the periphery, 
became pressed upwards in abnormal eruption. The occurrence of dykes 
or streaks of pyrrhotite-gabbro, often cleanly separated from the country- 
rock, of the breccia described above, and of the sulphide veins in gabbro 
and country-rock, may be explained as the result of local eruption 
or intrusions formed by the sulphide or the sulphide-silicate magma. The 
extremely fine sulphide veins in the cracks and cleavage planes of the 
accompanying minerals, illustrated in Fig. 195, arc explained by the 
fluidity of the fused sulphide. 

Not infrequently these peripheral deposits are so bedded that the 
foot-wall is of gneiss and the hanging-wall of gabbro, or vice versa, cases 
of this at Sudbury, Canada, and at Meinkjar, Norway, being illustrated 
in Figs. 197, 200, and 201. This has been explained both in (Canada 
and Norway by the sinking of the heavier sulphide components as they 
separated from the silicates. 

According to the theory which has here been developed it follows 
that small gabbro masses can only contain small deposits and that the 
large occurrences are exclusively in connection with extensive areas. 

The enrichment of chalcopyrite often to be observed especially in the 
peripheral portions of the nickel-pyrrhotite occurrences must result from 
a separate magmatic differentiation within the sulphide magma itself. 
A similar occurrence is found with the pyritic sulphide deposits to be 
described in the next section. 

Independently of Vogt, both A. E. Barlow and K. Bell in 1891 , and H. 
B. von Foullon in 1892, urged a molten origin for the nickel-pyrrhotite 
deposits, though without developing any compreheiisive discussion or 
demonstration. Since the appearance of the article by Vogt in 1893 the 
genesis of these deposits has been the subject of repeated discussion. Most 
authorities who have concerned themselves with the question, particularly 
F. D. Adams, A. E, Barlow, D. H. Browne, A. P. Coleman, J. F. Kemp, 
and T. L. Walker, for Canada and the United States ; for Norway and 
Sweden all the more recent authorities ; and B. Lotti for Varallo in Italy, 
now endorse this theory of magmatic formation. 

Admittedly there are a large number who oppose its . acceptance. 
Posepny in his treatise upon the genesis of ore-deposits ^ declared the theory 
to be a chemical impossibility and denied the solubility of sulphide in 
silicate. Several other authorities as E. Weinschenk,^ K. Beck,^ H. W. 

^ Engineering Congress, Chicago, 1893 ; Berg- und llUttenm. Jhrb. der Bergakad., Leoben 
Pribram, etc., XVIIL, 1895. 

* ‘ Dio Nickel-Magnotkieslagerstattcn zu St. Blasien im vSchwarzwald,’ Zeit. f. prakt. 
Oeol, 1907. 

» ‘Die Nickelerzlagerstatten von Sohland in Sachsen,’ Zeit. d. D. Oeol. Gemll, 1903. 



MAGMATIC SEGREGATIONS 


289 


Hixon ^ and C. W. Dickson, ^ have on the other hand argued a secondary 
aqueous deposition of the ore. Stress is laid upon evidence wliich would 
show that the accretion of ore took place after the deformation of the 
enclosing rock, and especially after the deformation of the primary pyroxene 
minerals to actinolite, chlorite, talc, etc. This view however does not agree 
with all the facts. Nickel-pyrrhotite is often found, both at Sudbury 
and in Norway, etc., in norite which is quite fresh and in which the liypers- 
thene is unaltered.^ There can therefore be no question of the uralitiza- 
tion of the gabbro in general before or contemporaneously with the deposi- 
tion of the ore. In places the sulphide-bearing gabbro has subsequently 
been decomposed, though in general no genetic connection between tliis 
decomposition and the formation of the ore can be demonstrated. More- 
over, the characteristic pecniliarities of the nickel-pyrrhotite deposits as 
enumerated on pp. 286 and 287, cannot be explained by a hydrothermal 
process. 

Some investigators, including Vogt in 1 88, suggested a combination 
of magmatic segregation with pneuinatolysis, according to which metal- 
liferous vapours evolved from the magma in one place were decomposed in 
another, depositing the ore in rock already consolidated. This theory 
again does not however explain the characteristic properties of these 
deposits. 

Sudbury in Canada 
LITERATURE 

A. E. Eaulow. The Ottawa Naturalist, 181)1.-- R. Bkll. Bull. Uool. Hoc. Amor., 181)1 ; 
Gool. Surv. Uanada, Ann. Rep., 1888, 1881), 181)1. — H. B. von Foullon. Jahrb. d. j^ool. 
Reichsanst. Vienna, 1802. — F. D. Adams. Min. Ass. IVov. Quebec, 1804. — T. L. VValkicu. 
Quart. Journ., London, 1807. — C. W. DroKsoN. Tians. Am. Inst. Min. Eng., 1003. 
— A. E. Bakcow. Geol. 8urv. Canada, Ann. Re])., 1004, 1907 ; Eeon. Geol. L, 1000. — 
A. F. Coleman. Can. Re]). Bur. Mines, 1005 ; .lour. Geol., 1007 ; Geol. Soe. Amer., 1004. 
— D. 11. Browne. School of Mines Quart. XVI., 1805 ; Econ. Geol. I., 1000. — J. Garnter. 
Mines des nickel, etc., do Sudbury. Paris, 1801. -D. Lev at. Ann. des mine.s. Paris, 
1802. — J. II. (V)LLiNS. Quart. Jour., 1888. — G. H. Williams. Geol. Surv. Canada, Ann. 
Rep., 1801. ~W. H. Merritt. TVans. Am. Inst. Mm. Eng., 1888, 1880. — E. 1). Peters. 
Ibid., 1880. — Further the citations given on pp. 282-284, and 288. 

The mining district of Sudbury lies in the northern portion of Ontario 
and on the north side of Lake Huron. It has a length of about 60 km. 
in a south-west and north-east direction, a width of from 25 to 30 km., 
and as shown in Fig. 198 it is crossed by the Canadian Pacific Railway. 
The eruptive rocks present consisting of quartz-norite and granite form 
an irregular field of basin shape, illustrated in Figs. 198 and 199. The 

^ Upon Sudbury, Can. Mg. Insi. IX., 1006. 

^ Upon St. Stephen in Now Brunswick, Sohlaml and Sudbury, ibid., 1906 ; Can. Mag. 
Rev., 1906. 

® A. P. Coleman, Zeit. f. prakt. Qeol., 1907, p. 221. 

* Oeol. Foren. Fork., 1883. 

VOL. I 


U 





MAGMATIC SEGREGATIONS 


291 


contents of this basin consist of conglomerate, tuff, clay-slate, and sand- 
stone, belonging to the Upper Iluronian that is to the youngest member of 
the fundamental crystalline schists. These rocks lie upon steeply inclined 
Iluronian beds and Laurentian gneiss, with some eruptive rocks of nearly 
the same age, the compete sequence being illustrated in Fig. 199. 

This eruptive occurrence, which is regarded by Canadian geologists 
as a gigantic laccolith younger than the sediments now upon it, varies 
in width around the basin between 1-5 and 8 km. Towards the outside, 
that is in the direction of the foot- wall, it consists of norite, chiefly 
quartz-norite, with about 55 per cent of silica ; but towards the centre, 
that is in the direction of the hanging- wall, it passes gradually into a 
granitic rock, micropcgmatite, with (17 per cent of silica. 

The mines with few exceptions are found on the foot-wall limit 
of the eruptive syncline, that is at the contact of tlui quartz-norite with 
the old gneiss and other rocks, the deposits being particularly developed 



Fia. 199. — Diagratuinatic section of the Siullmry field. Colemun, 1907. 
L, the Jjinaclv mine , M, the Muiiiiv^mine. 


where the eruptive rock bays into this foot-wall. On the south 
side of the basin the mines Sultana, Gertrude, Creighton, North 
Star, Tam o’ Shanter, Lady Violet, Elsie, Murray, Cameron, Little 
Stobie, Mount Blezard, Beatrice, Kirkwood, and Cryderman, are found. 
Along spurs proceeding south from the norite mass, such spurs in part 
resembling dykes, the following additional mines are working, Victoria, 
Clarabclla, Lady Macdonald ; while the Worthington, Copper Cliff, 
Evans, Frood, and Stobie mines, are situated upon smaller masses of norite 
in the near neighbourhood. On the north side of the basin there are 
but few mines working. All the deposits without exception occur 
in the marginal portions of the norite or quartz-norite, this rock being 
generally finer-grained and more basic in the immediate neighbourhood 
of the ore than further inside the basin. ^ Plan and section of the occur- 
rence in the Murray mine are given in Fig. 200. 

The deposits in general are stumpy in shape with the older gneiss as 
foot-wall ; towards the hanging-wall the amount of sulphide gradually 
diminishes. From this feature Coleman drew the conclusion that the 
^ Barlow, 1904, p. 126. 
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sulphide by gravity sank to the contact below, an idea which years ago 
was advanced in connection with the Meinkjar mine in Norway, illustrated 
in Figs. 197 and 201. 

Apart from a few smaller attempts mining began in this district in 



the year ISSfi In 1886 the Canadian 
Copper Co., originally with a capital 
of two million dollars, was formed to 
take over and work the Copper Cliff, 
the Stobie, and the Evans mines. Since 
then the industry thus commenced has 
so developed till of 14,100 tons, the 
world’s production of nickel in 1908, 
Sudbury dehvered 8670 tons or more 





Ficj. 200. — Plan of tlie Murray and Elsie 
mines, and section through the Murray 
mine. The nickel ore is represented black. 
Barlow, 1904. 


Fio. 201. — Plan and .ection of the Meink- 
jar deposit. The black areas indicate the 
npcn workings ami therefore the ore. Vogt, 
Zeit.f. prukt. GeoL, 189:3, Plate IV. 


than one-half, the remainder coming chiefly from the garnierite naines of 
New Caledonia. Of late years at Sudbury approximately one-third of 
a million tons of ore arc broken and smelted yearly, while up to and 
including the year 1908 roughly three million tons of ore had been 
produced. In this total, according to the statistics of the Geological 
Survey of Canada, the principal mines participated as follows : 
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Stobio 

From 1886 to suspension of work in 
November 1001 and to a depth of 



only 80 m 

380,000 tons. 

Copper Cliff . 

From 1886 to June 1904 and to a depth 



of 325 m 

330,000 „ 

Creighton 

• • From June 1901—1908 and to a doi)th 



• of 97 m 

1.065,000 „ 


The last-mentioned mine wliich started comparatively late is now 
the most important in the divstrict and repjarded as the richest nickel 
mine so far known in the world. The Victoria and the Garson mines 
during the last five years have produced about 50,000 tons yearly, while in 
1906 the Crean Hill mine produced approximately 80,000 tons. The 
total production and the average nickel and copper content of the ore 
smelted at Sudbury are given in the following table : 



Totol Ore 
Uoisted. 

Total 

Smelted. 

(’oi)per- 
Niekel 
Matte 
prod mod. 

MeOil Content in Matte. 

1 

Ni. Cu. 

Vvera^e Metal Content 
of the Ore. 

Ni. 1 Cii, 

1890 

Tons. 

118,000 

Tons. 

55,000 

'I'ons. 

Tons. 

Tons. 

I’ei cent. 

Pet cent. 

1895 

69,000 

79,000 1 

1 1’.-ioo 

2100 

2150 

2-67 

2 73 

1900 

196,000 

1 192,000 

21,300 

3200 

2950 

1-67 

1 59 

1905 

258,000 

1 232,000 1 

15,800 

8700 

4100 

3-68 

1-79 

1907 

319,000 

' 326,000 ' 

20,000 

9620 

6360 

2-95 

1 -95 

1908 

372,000 

; 327,000 

19,020 

8670 

6900 

2'65 

2-08 


The nickel and copper contained in the ore is calculated from the 
amounts of these metals in the matte ; the loss in roasting and smelting 
therefore is not made good in the above figures. At first low-grade blast- 
fu'rnace matte was produced, later however the practice has been to produce 
Bessemer or rich matte. 

Deposits geologically similar though somewhat poorer are found at 
St. Stephen in New Brunswick.^ The best-known nickel-pyrrhotite deposit 
in the United States is at the Gap mine, Lancaster County, Pennsylvania, 
which has been described by J. F. Kemp.^ This deposit likewise occurs 
at the margin of a mass of amphibolite, about 600 m. long and 150 ni. wide, 
this rock probably representing an altered gabbro. The country-rock is 
mica-schist. Operations at this mine were suspended in 1893 when a 
depth of only 80 m. had been reached. 


^ Barlow, 1904; Dickson, 1906. 

2 Trails. Am. Inst. Min. Eng., 1894. 
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Norway 


LITERATURE 

J. Dahll. Polytekn. Tidsskr. Christiania, 1864. — T. Lassen, L. Meinich, Fr 
M tfLLER. Upon Ringcrike (Erteli), Romsaas and Ringcrikc respectively, Nyt. Mag. f 
Naturv., 1876, 1879, 1881. — A. IIeleand. Arch. f. Math^rn. Naturv., 1879. — 0. Lang 
Zeit. d. I). Ceol. Gcs., 1879. — Th. Kjerulf. Die Ceologio des sudlichen Norwogens. Bonn 
1880.— >1. 11. L. Vogt. Ceol. Foren. Forh., 1883, 1892; Zoit. f. prakt. Ceol., 1893; Plant 
ingehalt in Nickelcrz, ibid. 1902; Om Nikkei, etc., 'I’eknisk Ugcblad. Christiania, 1902 
Ceol. Aarbog for 1905. — C. Bi'GGE. ‘Ueber der Kugclnorit zu Romsaas,’ Ces. d. Wiss., 
Christiania, 1906. 


At various places in Norway about fifty occurrences of gabbro carrying 
nickel-pyrrhotite are known. Most of 
these are found in the fundamental 
crystalhne schists, such being : Romsaas 
in Askim with the noted spheroidal norite, 
and other localities in Smaalenene ; 
Erteli, and other mines on Ringerike ; 
some occurrences in Sigdal ; Meinkjar, 
Bamle-Nysten, etc., in Ramie, the former 
lying but a few kilometres from the 
apatite mine of Oedegaarden ; some 
occurrences in the neighbourhood of 
Tvedcstrand and Arendal; Flaad in Evje 
and other occurrences in Saterdalen, and 
Senjen in Tromso. 

Other deposits arc found in connection 
with regionally metamorjihosed slates, 
such for instance as many old occurrences 
in Espedalen well inland ; Nonaas and 
other deposits on Hosangcr one of the 
Bergen islands ; Dyrhaug and other 




Fn;. 202. --Plan .aiKl section of the 
Romsaas field. The hhuk areas lepre- 
sent tlie open woi kings and tlieiefore the 
ore. The hatched areas indicate toliated 
norite. Vogt, Zeit. f. praht. (Jenl., 1893, 
Plate V. 

KN, splieiieal nonte. 


mines at Skjakerdalen in the Trondhjem 
district ; Boiern and Misviirtal in Skjar- 
stad ; and Mali) in Steigen. 

With most of the deposits, such for 
instance as Erteli illustrated in Fig. 203, 
Meinkjar in Fig. 201, Bamle-Nysten in 
Fig. 142, Hoiaas near Tvedcstrand, 
Beiern, etc., the ore occurs in character- 
istic manner at the contact of gabbro. 


represented in most cases by norite, and the crystalline schists in 


which such gabbro is found. At Romsaas, illustrated in Fig. 202, ore is 


also found somewhat farther from the contact. 
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Microscopic investigation undertaken by Vogt upon specimens of ore 
from Romsaas, showed that with an increase in the proportion of sulphide, 
a decrease in plagioclase and an increase in hypersthene were connected. 
The ore occurring in streaks consists of sulphide and hypersthene with 
some biotite and hornblende, but contains no plagioclase. The sulphides 
and the ferro-magnesium silicates accordingly have increased their pro- 
portions concurrently, a fact which constitutes further evidence of the 
formation of these deposits by magmatic differentiation. 

In the Flaad mine at Evje the ore is found within a large area of a 



Fi(}. ‘203. — rjround ])l;ui of tlu- Kricii field iie.ii Riiifi:ei ike. The black areas indicate open 
woi’king.s and therefore the dej)o.sits 'ivhieli it is .seen lie chiefly at the contact with the eruptive. 
Vogt, Zeit. f. prakt. (>enl , 1893, Plate V. 

N, norite; ON, olivine-noi ife , G, y.ibltio; AC, arnpliibolite-picrife. 


uralite-gabbro or uralite- norite poor in ipiartz, many square kilometres 
in extent. Though actually within the eruptive the ore however here 
also occurs near the margin. It is principally a pyrrhotite-gabbro con- 
taining 40 to 80 per cent of pyritic sulphide in addition to the ordinary 
gabbro minerals. It forms a series of approximately parallel though 
irregular streaks which, as illustrated in Figs. 204 and 205, dip at about 40° 
in normal uralite-gabbro. These streaks are accompanied by numerous 
though generally small .leucokratic dykes some of which are of granite- 
aplite. 

Many smaller norite occurrences at Ringerike, Bamle, etc., with 
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superficial areas between 100 and 1000 sq. m., contain small bodies of ore. 



The naa<JMine|^ wus 

Longitudinal SecMon 
along the Line a-b. £7]“^ 





\20m,Deep^;''yy 

ft IJu 

^ .77 7: 7 


Fm. 205. 

Flos. 204, 20r», — Cro.ss and longitudinal .section.s of the Flaad mine at Evje. The ore is 
indicated dark, the inten.sity of the darkness rei)resenting approximately the amount of ore 
present ; the hatched portions are those which have been mined. K. Storen. 


The somewhat larger occurrence of Meinkjar, illustrated in Fig. 201, with 
3250 sq. m. and that of Nysten-Bamle, illustrated in Fig. 142, with 3000- 
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4000 sq. m., have together yielded at the most 1600 tons of ore with 20 per 
cent nickel, for each metre of vertical depth. Richer by far is the occurrence 
at Erteli illustrated in Fig. 203, which has an horizontal extent of 210,000 
sq. m. This to date and to a depth of 90 m. has produced about 1 10,000 
tons of nickel ore containing 1 250 tons of nickel and 600 tons of copper. 

The richest nickel mine in Norway is however the above-mentioned 
Flaad mine which works an ore-body occurring in a mass of uralite-gabbro 
about 75 sq. km. in extent. The production so far, that is between 1872 
and 1908, has been about 75,000 tons of ore equivalent to 1350 tons of 
nickel and 800 tons of copper. The present depth is about 90 m. though 
the ore-body is far from exhausted to that depth. 

According to calculations by Vogt ^ if the total nickel, cobalt, and 
copper, contained in the ore-bodies were distributed regularly over the 
entire eruptive masses, the results in representative cases would be : 



Nicki‘1 




Per ( t'nt. 

Pn cent. 

I’ei Ofiit. 

Erteli .... 

0030 

0-005 

0-015 

Meinkjar-Nyatcn 

0120 

0-017 

0-050 

ileiern . . . . 

0-085 

0-008 

0-020 


Nickel mining in Norway began in the ’forties and reached its greatest 
importance during the period 1870—1877, the largest production in any one 
year having been that for 1876 when 360 tons of nickel were won. Latterly 
only one mine, the Flaad, continues working. In the whole of Norway 
roughly 400,000 tons of nickel ore have been mined and smelted. The 
hand-sorted ore usually yields !• 4-1*7 per cent of nickel, though excep- 
tionally the yield may be as much as 2-2*5 per cent. 


Sweden 

The best-known deposit of nickel-pyrrhotitc in Sweden occurs near 
Klefva in Smaland. This was originally worked for copper and only after- 
wards, roughly from 1840 to 1888, for nickel. The ore occurs within a quartz- 
norite mass about 6 km. long and 2*5 km. wide, though these dimensions 
include an occurrence which is not completely connected. The quartz- 
norite is also associated with gabbro-diorite or uralite-norite. The ore 
is chiefly pyrrhotite-gabbro which occurs in five or six vide and approxi- 
mately parallel streaks sharply separated from the gabbro poor in sulphide. 
These streaks have been disturbed by several younger faults.^ 

^ Zeit. f. prakL OeoL, 1893. 

^ B. Santesson, 11. von Post, Geol. Furen. Fork., 1887 ; W. C. Brogger and J. H. L. 
Vogt, manuscript 1887. 
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Other deposits occur at Ruda in Vinjaker ; in Oestergotland in the so- 
called diorite ; ^ at Gaddbo in Simtuva; at Ekedal in Enaker ; in Vestman- 
land in so-called gabbro-diorite ; and finally at Kuso and Stattberg, in 
Dalarne, in a gabbro-diorite and in a narrow porphyrite or diabase dyke.^ 
At Lundorren between Jamtland and Herjedalen nickel-pyrrhotite occurs 
together with pyrite and chalcopyrite within a mass of olivine-diabase 
in a regional-metamorphic district. The ore is found on the foot-wall of 
the diabase adjacent to the enclosing slates.^ Latterly nickel mining in 
Sweden has j)ractically ceased. 

Varallo, Piedmont, Italy 
LITERATURE 

A. W. Stklzner. Berg- und Huttonm. Ztg., 1877, pp. 8G, 87. — Badouiieau. ‘ La 
Metallurgio du nickel,’ Ann. des ininc.s, Paria, 1877. — B. Lotti. I Deposiii dei ininerali 
motalliferi. Turin, 1903. — M. Pkiehausskh. Zoit. f. prakt. Gcol., 1909, giving literature. 

In the Sesia valley on the south-east slope of Monte Rosa, basic eruptive 
rocks occur within a zone of highly metamorphosed crystalline schists. 
These rocks consist chiefly of norite and gabbro together with picrite, etc.' 
At different places, associated with highly basic segregations within the 
gabbro, nickel-pyrrhotite deposits are found. The Cevia mine situated 
1980 m. above the sea and the 8ella Bassa mine some 1700 m.,were worked 
more especially during the nickel boom in the latter half of the past century. 
The yearly production then was equivalent to about 50 tons of metal. 

St. Blasien in the Southern Black Forest 

The mines here, now stopped for several decades, contained nickel- 
pyrrhotite together with some pyrite and chalcopyrite, in close association 
with intermediate and basic eruptive rocks very much altered. According 
toE.Weinschenk ^ these were originally quartz-dioritc norite, gabbro proper, 
and probably felspathic bronzitc-olivinite. These rocks in which a 
markedly streaked structure was developed were shattered by a granite 
intrusion. Weinschenk^ regarded these nickel-pyrrhotite occurrences as 
secondary deposits at the contact between granite-aplite rocks and the 
above-mentioned intermediate and basic rocks. As already stated we 
cannot endorse this, but regard theoe occurrences also as proper magmatic 
segregations. 

^ G. Lanclstrom, Geol. Foren. Furh., 1887. 

2 G. Lofstrand, Oeol. Foren. Fork, 1903. 

3 Vogt, Schwed. geol. Unters. Ser. C, No. 89, 1887. 

* Zeit. f. prakt. Geol., 1907. ® Ante, p. 288. 
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SOHLAND AND SCHWEIDRICH 
LITERATURE 

R. Bkck. Zeit. f. prakt. Geol., 1902, 41 and 379 ; more exhausiivcly Zeit. d. D. CJool. 
Ges., 1903 ; Upon Schweidiioh.-.-H. B. von Foullon. Jahrb. d. geol. Reiehsanst. Vienna, 
1892. 


These two occurrences lie about 5-0 km. from one another on tlie 
Saxon-Bohemian frontier, the first being in Saxony and the latter in 
Bohemia. Though of the same class they difier from the nickel-pyrrhotite 
deposits which have just been described in so far that they are not c.on- 
ncctedwith basic })lutonic rocks but with the chemically equivalent volcanic 
rocks. The basic dyke at Sohland is not less than 700 m. long and is perhaps 
even 1500 m., with a breadth of 10 20 m. This by Beck has been de- 
scribed as a biotite-proterobas greatly altered. The ore consists chiefly of 
nickel-pyrrhotite with 5*5”6 per cent of nickel in the ore mined; pyrite and 
chalcopyrite are subordinate as is the case with all these deposits. All 
the ore occurs on the wall between the dyke and the enclosing granite. 
In its immediate neighbourhood the dyke rock exhibits remarkable basic 
segregations containing much spinel, sillimanite, corundum, etc., re- 
calling the frequent tendency of the gabbro- magma in the immediate 
neighbourhood of the nickel - pyrrhotite deposits to show a marked 
differentiation.! The view held by Beck regarding the genesis of these 
deposits has already been given. ^ 

The deposit at Schweidrich near Schluckenau appears also to be an im- 
pregnation, along one wall of a basic dyke, running in a N.N.W. direction 
in the Lausitz granite. Economically however it may be said to have no 
importance. The occurrence at Sohland has in the last few years been 
prospected and worked upon a small scale. 

Niccoltte and Chromite Occurrences : Los Jar ales, Spain 

In connection mth the nickel-pyrrhotite deposits the above occurrences, 
found 35 km. north-west of Malaga in Spain, may fitly be described. 
According to F. Gillrnan^ these deposits 0 (X'ur below water-level in serpen- 
tinized peridotite, represented by Iherzolite or saxonite. Three types of 
ore may be differentiated : 1, the chromite type ; 2, the augite type ; 3, 
the norite type. The first consists of a fine-grained mixture of chromite 
with niccolite, NiAs, small grains of the former being embedded in the 

^ AntCy p. 281. 

“ Ante, p. 288. 

® Inst Min. Met., London, 1896 ; reviewed by Krusch, Zeit. f. prakt. Geol., 1897 ; and 
Vogt, Ges. der Wiss., Christiania, Mar. 12, 1897. 
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latter. The second type is distinguished by the amount of augite and 
niccolite present ; and the third by the presence of plagioclase and 
pyroxenes in addition to the two ores. 

As suggested by Gillman, without doubt here it is a question of the 
concurrent magmatic segregation of both the chromite and the niccolite. 
Near the surface the niccolite is altered to a nickel-magnesium silicate, 
garnierite, or pimelite. From this fact however no general conclusions 
concerning the origin of garnierite deposits may in our opinion be drawn. 

These deposits have little extent and have only been prospected or 
worked on a small scale at times during the period 1850-1894. 

ANNEX 

Magmatic Bornite Deposits in Cape Colony 
LITERATURE 

A. ScHENCK. Zeit. <1. D. Geol. Gcs., 1901, Vol. LIIL, p. 64. — 0. Stutzer. Zeit. 
f. prakt. Geol., 1907, p. 371, with review of pertinent papers by Honaldson and Rogers, 

These deposits occur at O’kiep in Klein-Namaqualand in the north- 
western portion of Cape Colony. The ores arc chiefly bornite and chalco- 
pyrite, with smaller amounts of chalcocite, pyrrhotite, molybdenite, etc. 
They occur scattered partly as small particles and partly as larger masses 
up to several metres in diameter, in basic eruptive rocks which formerly 
were repeatedly described as diorite. The constituents of this rock are 
hypersthenc, magnetite, bornite, a little biotite, and some basic plagioclase. 
The bornite is just as much a constituent of this rock as are the hypers- 
thene and the magnetite. 

The view put forward by Schenck in 1901 and again expressed by 
Stutzer in 1907 that these deposits are true magmatic segregations appears 
to us to be justified although, with bornite present, great care must be 
taken in coming to a conclusion since that ore usually belongs to the cemen- 
tation zone. 

These deposits are very important. They have been in continuous 
operation since the commencement of the ’fifties. Of late 5000-7000 tons 
of copper have been won annually from them, though whether to these 
figures of production deposits of other genesis contribute can not be said. 

The Monte Catini District 

In the Monte Catini district and at many other places in Tuscany 
rich sulphide copper ores, such as bornite, chalcopyrite, chalcocite, with 
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pyrite and some galena, occur within comparatively small masses of basic 
eruptive rock of Tertiary age. These have generally been spoken of as 
serpentine or as ophiolitic rocks, while in detail serpentine, diabase, and 
euphotide, the variety of gabbro, have been distinguished. 

Two eruptions may be recognized, an older now represented by Iher- 
zolite,and a younger from which olivine-gabbro and olivine-diabase resulted. 
With these the ore is most certainly connected since no mass of eruptive 
rock, however small, exists which does not contain at least a small amount 
of ore, generally in association with olivine-gabbro. 

B. Lotti in a number of papers ^ has defended the view which he put 
forward that these occurrences were the result of magmatic differentiation. 
This interpretation however seems questionable since the rocks in wdiich 
the ores occur are greatly decomposed and the ores themselves, including 
the great lumps of native copper occasionally found, bear all the signs of 
cementation. It would appear rather to be a case of subsecpient concen- 
tration of ore material originally finely distributed and of which the genesis 
has not yet been solved. This alternative view is supported by the con- 
sideration that in the decomposition of the rock the same agencies were at 
work which are so effective in the cementation zone of copper deposits. 
In this connection reference is made to the formation of bornite from 
ordinary chalcopyrite as illustrated in Fig. 99. 

(2) The Intrusive Pyiutic Sulphide Deposits 

A number of important deposits wherein relatively largo and compact 
masses of different pyritic sulpludes such as pyrite, phyrrhotite, and some 
chalcopyrite occur concentrated, are often considered together as one group, 
though geologically and also mincralogically they often differ materially. 
As the result of recent investigation some of these deposits, Rammelsberg 
for instance, are now with certainty recognized .as sedimentary ; those of 
Meggen and Schwelm are decidedly of mctasomatic character ; those 
of Traversella and Brosso in Piedmont, are of contact-metamorphic origin; 
while finally others, and these the most important, are according to our 
view to be regarded as the products of magmatic differentiation. 

As long as the unity of this ‘ pyritic sulphide ’ group or more shortly 
‘ pyrite ’ group was assumed, great controversy centred around the ques- 
tion of its genesis. Krusch ^ however pointed out that the maintenance 
of a simple pyrite group in any natural classification of deposits gave to 
pyrite such a preference as no other mineral enjoyed, since by doing so the 
substance of the deposit would become the ruhng principle in the classifi- 

^ Zeit. f. prakt Qeol., 1894, p. 18. ‘I Dopositi dci minerali metalliferi.’ Turin, 1903. 

^ Untersuchung und Dewertung der Erzlagerstatten. 
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cation and not the ‘far more important genesis. Clearness concerning 
genesis and the advance in its acknowledgment demand that the old pyrite 
group be dissolved and that the individual deposits, hitherto classed 
together, be distributed among those different natural groups to which by 
their genesis they belong. Here therefore only^ those assumed to be the 
products of magmatic differentiation are treated, to which class we con- 
sider the occurrences in Norway, those of the Rio Tinto district in southern 
Spain, and in addition that of Bodenmais, belong. It is fairly certain 
also that the pyrite occurrence of Sain Bel near St. Etienne in France, 
the pyrite masses of Agordo and Gavorrano in Italy, and perhaps also the 
deposit of Schmollnitz in the Carpathians, belong to this class. 

It is characteristic of all of these that they occur in areas of regional 
metamorpliism. Generally they are conformable with the enclosing slates ; 
often the pyrite appears slab-like or even occurs in beds alternating 
with the country-rock, wliile at times the slates are traversed by pyrite. 
The deposits not infrequently occur along zones of disturbance or other 
tectonic planes, while a breccia structure has repeatedly been observed in 
places, pyrite being the cementing material. In certain districts they 
occur regularly and in close connection with eruptive rocks, especially 
with basic rocks but more seldom ^vith such as are intermediate. In 
isolated cases the pyrite bodies are observed to have been traversed by 
later intrusions of the same eruption. 

The most important ore is pyrite, not marcasite, accompanied in places 
by pyrrhotite by which also it is sometimes rc})laccd. The copper content 
arising from the admixed chalcopyrite is usually 0*5-3*5 per cent, 
higher than which it seldom goes. In but few cases is the pyrite free from 
copper. Sphalerite and galena usually occur (pite subordinately. The 
manganese content is very low throughout being geTierally under 0*1 per 
cent ; the nickel-cobalt content similarly reaches only 0-05-0T5 per cent. 
In many places some arsenic is present, though antimony and bismuth 
are seldom met. A small silver content, generally 25-50 grm. per ton, is 
fairly constant, while the amount of gold present is generally one-twenty- 
fifth to one-hundredth that of the silver.^ In isolated cases as for instance 
at Fahlun, the gold content is materially higher. Titanic acid practically 
speaking is absent. The phosphorus present is also so small in amount 
that in the residues after treatment only 0*008-0*01 per cent is found. 

The ore occurs mixed chiefly with quartz, hornblende, and magnesia- 
mica, and to a less extent with garnet, augite, epidote, zoisite, disthene, 
tourmaline, etc. Fluorite and the carbonates are of small importance, 
while barite as a primary mineral appears to be absent. 

From the conformity of the deposits with the slates, the slab-like 

1 Anit^ pp. 163 and 166. 
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structure of the pyrite, and the alternation of p}Tite with country-rock, 
many authorities conclude that the deposits are sedimentary. However 
from the unconformity observable in more places than one, from the occur- 
rence of breccia in certain districts, and from the not-infrequent occuiTcnce 
of the pyrite along planes of movement and zones of disturbance not only 
in the slate but also in eruptive rock, the epigenetic nature of the j:)yrite 
is established. The regular connection of the pyrite beds with eruptive 
rocks in certain districts and their rupture by later intrusions from the 
eruption are further evidences that the formation of the pyrite rests upon 
eruptive phenomena. From analogy with the nickel-pyrrhotite deposits 
and from the manner in which the ore and gangue are crystallized it would 
also follow that the deposits have arisen from a magma at its consolidation. 
Further discussion of this question of the genesis of these pyrite deposits 
is given later when describing the deposits in Norway. 

Economically speaking several of the deposits here to be described 
are of the greatest importance. Formerly these were worked exclusively 
for copper but from about 1860 tliey have also been worked for the ])ynte 
itself, this usually containing 45-49 per cent of sulphur. Pyrite is used 
for the production of sulphur and of late years also for that of sulphuric 
acid. Corresponding to the greatly increased demand for pyrite for these 
purposes in recent years the production from the ])rincipal mines, as 
indicated in the following table, has risen enormously : 


Jii Metric Tons. 


Produced — 

Southern Spain 

„ Portugal . 

Exported — 

So\dhorn Spain 

„ Portugal . 

Produced — 

Prance, chiefly Sain Bel 
Norway 

Schmdilriitz, TIungary 
Italy .... 


1870. 

1880. 

ISUO. 

1 ')()(». 

1907. 

about 





400,000 

1,480,000 

2,320,000 

2,840,000 

3,200,000 

150,000 

300,000 

300,000 

403,000 

351,000 

250,000 

520,000 

850,000 

050,000 

sonic 

1,500,000 

100,000 

180,000 

115,000 

(somo 

250,000 ?) 

66,400 

02,800 

208,200 

304,000 

280,000 

80,000 

75,000 

60,000 

100,000 

235,000 



38,000 

1 77,000 

80,000 


5,000 

1 15,000 

! 70,000 

1 

some 

1 80,000 


' 


1 

' 


In the above table the latest export figures for Portugal not being 
at the time available are not included. Outside of Sain Bel the pyrite 
production of France latterly has only amounted to some thousands of 
tons per year. The production in Italy has of late years come not 
only from Gavorrano and Agordo but also from Brosso, Traversella, 
and perhaps also from other mines. 

The finest pyrite deposits in the world are those of the Rio Tinto or 
Huelva district including those occurring within the adjoining Portuguese 
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territory, which altogether and up to the end of the year 1908 had produced 
some 125 million tons. Next in Europe comes that of Sain Bel in France 
which from 1872 to 1908 produced some 7*5 million tons. 


Norway 


LITERATURE 

Th. Kjkhulf. Die Ooologie dcs siidlicheii Norwogens. Bonn, 1880; Nyt. Mag. f. 
Naturv. XXVll., 1883; XIX., 1885. — A. Ueli.and. Kieno in gewissen Sehiefern in Nor- 
wegon, Univer.sitatsprogramm. Christiania, 1873. — H. Re use H. Nyt. Mag. f. Naturv. 
XIX., 1885. — ,1. H. L. Vogt. ‘ Salteiiund Ranon,’ Norw. Geol. Unters. No. 3, 1890, 1891 ; 
‘ Ober die Kicslagor.stattcn vom T’ypus Roros und Rammelshcrg,’ Zeit. f, ])rakt. Cool., 
1894; ‘Problems in the Geology of Ore-Deposits,’ Trans. Am. Inst. Min. Eng. XXX 1., 
1902; Dio Erzlagorstatten und der Bcrgban im nordlichcn Norwegen. Christiania, 1902; 
Ober Nickel. Christiania, 1902; Der Bergbau in dem Trondhjemgebiet. Trondhjem, 
1905 ; the articles before mentioned on p. 240 in the Norw. Geol. Unters. Jahrb., 1905. 
— W. G Br6(u;er. Vortrag, Ges. d. Wi.s.s. Christiania, Hept. 1901 ; Reviews of articles 
by Vogt and Brogger in the Geol. Centralbl., HI., VI., VII f. ; Zeit. f. prakt. Geol., 1899, 
1900, 1904, 1900. — A. W. Stklznkr. Die vSulitjelmagruben. Freiberg, 1891 . — H.j. 
S.IOOREN. ‘ t)bcr Sulitjelma,’ Geol. Foron. Forh., 1894, 1895, 1890, 1900. — 0. Nordens- 
K.IOUD. ‘ t)bcr Bossmo,’ ibid., 1895. — (). Stutzrr. Osterr. Zeit. f. Berg- u. Hiittenw. 
1906, No. 44 ; Zeit. f. prakt. Geol., 1909, No. 3 . — Glinz. Berg- und lluttcnm. Zeit., 1902. 
— Everdino. Ibid., 1903. 


The Norwegian pyrite deposits are widely distributed over that 
country. To the north they arc found at Birtavarre, Sulitjelma, Bossmo, 
etc. ; in the centre at Ytteri), Meraker, Meldalcn, Killingdal, Kjoli, Roros, 
Rbstvangan, Foldal, etc., in the Trondhjem district ; and towards the south 
in Sbndhordland and Vigsnas. All occur at various horizons within Cambro- 
Siluriari formations and always in areas of regional metamorphism ; in 
the fundamental crystalline schists on the other hand they are entirely 
absent. The Palaeozoic formations in which they occur are traversed by a 
large number of eruptive rocks which form a complete series extending from 
sodium-granite on the one side to gabbro or even to peridotite on the 
other. These are often more or less altered, the gabbro indeed is rarely 
unaltered but occurs chiefly as saussurite-gabbro or even as zoisite-amphi- 
bole schist. By observation of the petrographical gradations and by 
analyses it can be shown that this schist with 46-50 per cent of SiOg has 
resulted from the gabbro by pressure metamorphism. Nevertheless the 
rocks in all cases are plutonic, occurring often as illustrated in Figs. 
207, 211, and 212, in the form of laccoliths, of which in more than one case 
both the upper and lower surfaces can be seen. The intrusion of these 
eruptive rocks probably took place concurrently with the folding of the beds, 
so pronounced in this hilly country. In addition to these plutonic occur- 
rences, volcanic sheets are perhaps to be found in the district of Trondhjem. 

The pyrite deposits only occur within those Palaeozoic areas which 
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are crossed by eruptive rocks and then generally only in close proximity 
to or even within gabbro. This phenomenon was noted forty years back 
by Th. Kjerulf, since when it has been corroborated by later investiga- 
tion, especially by Vogt. Of twenty-eight more important occurrences 
reviewed by this authority in 1894, twenty-six were at that time shown 
to be in the immediate neighbourhood of saussurite-gabbro, and in the case 
of the remaining two the presence of basic eruptive rock in their neighbour- 
hood was also estabUshed later. ^ Of late years, and more particularly in 
Northern Norway, a large number of new pyritc deposits have been found. 



Fig. 206.- Section of the Varaldso iniiie showing three p}iite deposits Ijing eonfornialik* 
to one anotliet and close togethei, Vogt. Zeit./. ptakt. devl , 189.3. 

all in the neighbourhood of basic rock more or less strongly foliated. For 
the greater part these are conformable to the schists in which they are 
embedded and are generally found within less than one hundred metres of a 
gabbro mass. An excellent example of such a geological position is afforded 
by the Mug mine near Roros, illustrated in Fig. 207, where the distance 
between the pyrite deposits and the saussurite-gabbro above them hardly 
reaches 50 m. With some deposits the distance between pyrite and gabbro 
is somewhat greater and at low angles of dip the horizontal distance may 
measure as much as one kilometre. More rarely the deposit does not lie 
in the schists but within the mass of gabbro itself, and then generally 
along some plane of movement or crush as illustrated in Fig. 208. 

* Vogt, Zeit. f. prakt. GeoL, 1894, p. 124. 
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These deposits according to the mineral predominantly contained 
may be divided into several classes, all of which however are connected 
by a full number of intermediate grades. These are as follows ; 

1. Occurrences consisting chiefly of pyrite, usually with some chalco- 
pyrite and sphalerite, but generally without pyrrhotite, and with only 
traces of galena. The hand-picked ore of this class, or that obtained by 
concentration, contains as a rule about 44— 4G per cent of sulphur with 
1-7-3-5 per cent of copper. 


Saimurite-gahbro 


Longitudinal Section 


so wo ioo 300 

a 


~~500m 




I U', -I,,.. 


‘’'■c 


Mug-Mint’ 


Ho rizontal projection 



Fig. 207. — Ilonzoiiial section tliron^^i the Mu;^ mine with loiigitndiiial and cross sections. 
Vogt, Zed f. pmkt. (/coL, 1894. 


2. Occurrences of pyrite and chalcopyrite with comparatively much 
quartz, hornblende, etc. 

3. Occurrences of pyrrhotite with chalcopyrite, quartz, etc. 

The smelting ore of these two latter classes contains generally 4-6 
per cent of copper and 0-1 -0*2 per cent of nickel and cobalt. 

Arsenic is either completely absent or its amount hardly reaches 
OT per cent. Galena is poorly represented though it occurs here and there 
as do also tetrahedrite and bornite. The small though constant presence of 
gold and silver has already been mentioned on pp. 163 and 165. Magnetite 
is absent from most occurrences though in isolated cases and to a limited 
extent it may even be the principal mineral. The Fosdalen mine at 
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Trondhjemsfjord for instance is working an ore-body which consists of 70 
per cent of magnetite, 0 per cent of sulphur, traces of chalcopyrite, and 
about 24 per cent of quartz, hornblende, etc. 



Fig. 208. -- Section in the Storhu.smaiid mine iii Mcraker. Vo^d-, Zeit. f. prakt. (ieoL 1894. 

.Scliist. 

Schist with 
some pyiilc. 

• Finc-jrramod 
liyntf. 

Coarse-Kraiuod 
pynte 

.Sell 1 st. 

"pliali Mt<‘ 

VMlh Pi rite. 


Chalcnpynto 
princip.'vlly. 
Chalcofiynto 
with pyrito. 

Fig. 209, — Specimen from the Konj^ens mine near Roros ; one-half natural ,si/(‘. 

Vogt, Zeit. prakt. OVo/., 1894. 

The view expressed by Klockmann ^ that the pyrite, FeS.„ of the Nor- 
wegian deposits has often been altered by contact- me tainorphism to pyrrho- 
tite, FeS, appears to lack proper foundation. In the now-abandoned 
Vigsnas mine, which between the years 1865 and 1894 produced about 
900,000 tons of pyrite from deposits dipping at a high angle, the average 
copper content of the pyrite sank from about 3 per cent in the upper levels 

^ Zeit. f. prakt. Oeol.f 1904, p. 153. 
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to about 1 per cent at a depth of 700 m. No similar decrease in content 
has however been observed in the other Norwegian occurrences, most of 
which lie fairly flat, nor on the other hand has any secondary enrichment 
similar to that found in the Huelva district been observed. 

With all these occurrences the most important gangue minerals are 
quartz, hornblende, biotite, chlorite, talc, and exceptionally garnet. In 
addition to these the following have been ot)served to occur : pyroxene, 
epidote, zoisite, and various carbonates, together with disthene, titanite, 
fluorite, and tourmaline, as rarities. Of secondary formation are various 
zeolites, as well as the anhydrite occurring at Sulitjelma. Fragments and 
flakes of slate often occur witliin the ore, and the deposit on its flanks often 
passes over into zones impregnated with pyrite and resembling fahlbands. 

The ore has as a rule a banded structure which arises from the varying 
composition of the individual layers. This structure which is illustrated 
in Fig. 209, is often strengthened by the frequent inclusion of slate and 
quartz lenses. It is also very characteristic of these deposits that wlrile 
they often possess considerable extension in a direction approximately 
that of the dip, they have a relatively small extension along the strike and 
very moderate thickness. Their form has often been described as re- 
sembling that of a flat rule or of a cigar pressed flat, a description which 
according to Fig. 207 appears not inappropriate. Dimensions of some of 
the principal deposits are given in the following table : 


District. 

Name of Mine. 

Length 
oiHincd to 
Oato gen(;r- 

Width at 
right angles 

Average 

width. 

Dip of 
.surrounding 



ally along 
the dip. 

to length. 

Slates. 

^ , 


I^Kongcns 

1 Storvarts 

Ulug 

m. 

2000 

m. 

50-150 

m. 

1-0- 6-0 

Variable 

Roros .... 

1400 

120-300 

0'5- 3 0 

6^ 


1250 ' 

110-160 

0*2- 1-5 

4® 


[ Gikcn 

900 

150-180 

0-5- 2-5 

25'’-30° 

Sulitjelma . 

j Charlotte 

600 

250-300 

0-3- 2 0 

20®-25° 

( Ny-Sulitjelma 

650 

200-250 

2 0- O'O 

33°-45° 

Lillefjeld . . . 

Meraker 

500 

100-120 

1-0- 3 0 

60° 

Killingdal . 


600 

66-85 

20,100 

26° 



— 

- J 

__ 



— __ 


At Killingdal and at Sulitjelma where the mines have only been work- 
ing during the last decades, the true length of the ore-body will undoubtedly 
ultimately be proved to be greater than that at present exposed. The dip 
of the country-rock is generally fairly flat, being often between 5° and 
35°, while the angle between the direction of this dip and the extension of 
the pyrite bodies is often from 10-30°, though sometimes it is greater. In 
cases of such divergence it is said that the mines ‘ pitch into the country,’ 
In many cases also it has been established that the extension of the pyrite 
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body is parallel to the direction of folding as indicated in Fig. 210, or to the 
extension of the surrounding slates. 



Fig. 210.— Cross section of tlie pyrite bodj at KillinK<lal. The length ot this body rmis with 
the iinlicliual and synclinal a.xes represented by the points o, a ; />, h, lespectively. Vogt 


In numerous cases the deposits occur near the foot-wall of the gabliro 
between a hard compact rock, locally termed HaardarL and fissile slates. 


Hestehletten 



Fig. 211.-- Section of tlie Quintn.s-Hesteklcttcn mine at Roios. A section along a 
north-south lini* would jiresent the ‘'anie jticluic Vogt. 


Only quite exceptionally do they occur near the hanging- wall. Often, 
as illustrated in Fig. 207, the occurrence may be found some 50 m. below 
the contact. The deposit in the Quintus-IIcsteklcttcn mine at Roros, 



Fjg. 212. — Section parallel to the outcrop at the Rlo.skcdal mine, Reisen. Vogt. 

illustrated in Fig. 211, and that of the Moskedal mine in the district of 
Tromso, illustrated in Fig. 212, both occur actually at the lower contact 
of an occurrence of gabbro. 

At Sulitjelma a pyrite zone about 8 km. long is found on the north 
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side of the Langvand between fissile mica-schist below, lying fairly flat, and 
a series of relatively compact rocks above. These compact rocks are chiefly 
zoisite-amphibole schists which originally were probably foliated gabbro. 
Within this zone, which generally speaking is but a valueless impregnation 
resembling the fahlbands, there occur at least six valuable pyrite bodies, 
the dimensions of which may be gathered from the table given above. 



Fkj. 213. — Hection tlirougli the Hiilitjelnia tield ui the iieighhourhoocl of the 
(liken nnne on the north siile ol the Lang Lake, 


A similar pyrite zone with occasional bodies of ore is also found on the 
south side of the Langvand. 

Even where the slate of the country-rock is regular in strike and 
dip, as for instance at the Mug mine illustrated in Fig. 207, many folds 
and bends may nevertheless occur within the ore-body itself, as illustrated 
in Fig. 214. Particularly in the hanging-wall of a deposit the pyrite often 



Fig, 214. — Specimen from the Kongens mine near Iloros ; tlie stippled areas are of 
quartz; one-half natural .size. Vogt, Zeil.f, pndi, Oeol., 1894. 


sends off branches and veins which enclose rock fragments, while occasion- 
ally occurrences of breccia may be observed in close connection with the 
deposit. 

The pyrite body at the Mug mine consists chiefly of pyrrhotite and 
chalcopyrite with some quartz, together with innumerable fragments of 
country-rock which evidently have resulted from a sliding and grinding 
movement along one special bed. The Lokken mine at Meldalen exploits 
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in greater part a veined zone one hundred metres wide, the structure of 
which is illustrated in Fig. 215. 

With regard to the genesis of these deposits, a sedimentary origin was 
argued in the ’seventies, more particularly by Holland who in the ’eighties 
was supported by Vogt and in 1891 by Stelzner. The frequent branching 
of the ore-bodies, the breccia structure just described occurring both on a 
small and on a large scale, and the occurrence of the deposits along planes 
of movement within eruptive areas, point nevertheless with certainty to an 
epigenetic origin. Some authorities have advocated an origin by hydro- 
thermal and metasomatic processes, but such views find no support in the 
observed facts. From their intimate association with gabbro or foliated 
gabbro Kjerulf long ago drew the conclusion that the ore-bodies must 



Fkj. 215. — Pynte bmicia from the Ldkken mine, the ])ynte being represented blade. 
Smaller Neins aie seen to bianeh liom the larger ones. 


stand in some sort of genetic relation to gabbro, a view confirmed by later 
investigation, especially that undertaken by Vogt. The pyrite bodies are 
in places, as for instance in the Lbkken and Hoidal mines at Meldalen, 
traversed by dykes of diabase or of granite which represent the later 
effusions of th^ eruption. The formation of these pyrite bodies is there- 
fore contemporaneous with the magmatic period of the eruptive rocks. 
It follows from the form and structure of the deposits that they could 
not have been formed bylong-continued deposition from different solutions, 
but that the whole of the material must have been introduced or in- 
jected at once. From these considerations alone it may be concluded 
that these pyrite deposits are the products of magmatic differentiation. 

Again, as Brogger remarked, the idiomorphic and resorbed crystals 
of pyrite found, indicate that these deposits must have been formed by 
consolidation from a magmatic solution. The cubes of pyrite, sometimes 
as large as the fist, which were the first products of crystallization from 
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the magma, correspond structurally and genetically for instance with 
the quartz dihexahedra of quartz-porphyry. Attention is here directed to 
the statements of E. Weinschenk concerning the crystallization and sub- 
sequent resorption of different minerals found within the pyrite deposit of 
Bodenmais, more fully mentioned on p. 339. ^ 

These deposits, containing as they do but 0-1 -0*2 per cent of nickel 
and cobalt, differ mineralogically and chemically no less than they do 
in relation to their shape, from the nickel-pyrrhotite deposits, though 
these also are associated with gabbro. There are however gradations 
between the two classes. For instance a deposit of pyrrhotite and chalco- 
pyrite with some pyrite at Fao in the neighbourhood of Vigsnas, must be 
regarded mineralogically, structurally, and morphologically, as an ordinary 
pyritic ore-body. Since however it contains about 2 '5 per cent of nickel 
and cobalt chemically it is closely connected with the nickel-pyrrhotite 
deposits ; Vogt indeed cpioted this connection as further evidence that 
these pyrite deposits like the nickel-pyrrhotite deposits were magmatic 
segregations. 

In some districts, as for instance in the schist country of Vardalen in 
the district of Trondhjem,thetwo classes of sulphide deposits occur together, 
those of nickel-pyrrhotite within the gabbro or immediately at its margins, 
and the pyrite occurrences in the neighbouring schists. It follows there- 
fore that those physical-chemical processes upon which the original separa- 
tion of the two classes of deposit rests cannot be identical in all their 
relations. Among other features it is common with both classes that 
the pyrite crystallize first. In addition, with each it is found that 
the ore rich in copper occurs more often in the marginal portions of ' 
the deposit, a disposition which may be explained by magmatic differ- 
entiation in situ, that is within the already separated sulphide magma. 

Where the nickel-pyrrhotite deposits occur at the contact of gabbro 
and schist they occasionally send spurs of fahlband character into the 
surrounding schistose gneiss, tliis, as mentioned on p. 285, being repeatedly 
the case at Ringcrike. These fahlbands of nickel-pyrrhotite, which are 
seldom more than 20 in. in length, show a striking structural similarity to 
the impregnations which accompany the pyrite deposits. As with the 
chromite- and the nickel - pyrrhotite deposits so also is it the case 
with the pyrite deposits that the important occurrences as those of Sulit- 
jelma, Meldalen, Roros, Foldal, Vigsnas, etc., all occur in districts where 
eruptive rocks are strongly represented. The gabbro which accompanies 
them is a plutonic or deep-seated rock generally introduced in the form 
of laccoliths and doubtless under very high pressure. The same dynamic 
conditions also controlled the injection of the sulphide fractional magmas 
separated from the original gabbro magma, while at the same time they 
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explain the curious shape of these deposits. Generally no special fissures 
were formed for the injection but the pyrite magma was forced along the 
bedding- and fracture-planes already existing. The conformity between 
deposit and schists, usually to be observed, and the occurrence of the former 
along planes of movement in the gabbro, arc thus explained. In addition, 
an explanation is afforded of the frequency of the deposits immediately 
at the contact of a compact rock above and a fissile schist beneath, as 
illustrated in Figs. 210, 211, and 212. With the forced entry of the 
sulphide magma, movement and trituration took place, often, as illustrated 
in Fig. 214, accompanied by contortion, or by the formation of breccia 
such as that illustrated in Fig. 215. The strange drawn-out form and 
the frequently observed parallelism of the deposit to the folds and strike 
of the schists are also to be explained by intrusion under dynamo- 
metamorphic pressure. 

From the foregoing it will be seen that the pyrite deposits may be 
regarded as laccoliths on a small scale. Since the sulphide magmas were 
very fluid they were able to find their way along the foliation planes of 
the schistose country-rock, to form there impregnation zones resembling 
fahlbands. The occurrence of such impregnated zones along the continua- 
tion of the pyrite bed proper is thus explained. 

Following Brogger and Vogt, the origin of the Norwegian deposits 
by magmatic intrusion has lately — in 1900 and 1909 — also been advocated 
by 0. Stutzer. 

This view is also supported by the fact that the itiinerals 
accoin})anying the pyrite, namely quartz, hornblende, etc., are es])ecially 
prone to be formed under conditions of dynamo-metamorphism. 

As far back as the first half of the seventeenth century a number of 
copper mines were working these deposits in the Trondhjem district. 
At Boros work began as early as the year 1G44 since when it has continued 
uninterrupted to this day. At Siditjeliiia in Nordland, at present the most 
important mine, work was first begun towards the end of the ’eighties. 
Altogether abr^ut 125,000 tons of copper have hitherto been produced 
from the pyrite deposits of Norway, in addition to which since the 
’sixties about four million tons of pyrite have been obtained. This pyrite 
contains generally 44—46 per cent of sulphur and some copper ; arsenic 
is generally absent or present to the extent of less than 0*01 per cent. 
The rate of output of pyrite has of late risen from 60,000 to 80,000 tons 
per year, as it was from the ’sixties to the ’eighties, to present figures of 
about 250,000 tons, in addition to a metallic copper production of about 
1500 tons. Approximately one-half of these present figures are contributed 
by Sulitjelma alone, a proportion which will increase when the projected 
enlargement of the work at that place is complete. 
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' Fahlun— Sweden 

The famous old deposit at this place according to A. E. Tornebohm ^ 
lies in grey quartzite with graiiulitic gneiss. In the vicinity eruptive rocks 
such as granite and diorite, together with dykes^ of felsite and trap, are 
found, these dykes crossing the ore-deposits. These deposits occur within a 
superficies about 600 m. long and 400 m. wide as irregular masses enclosed 
to a great extent by crushed country-rock. Three types of ore are 
distinguished : 

1. Soft ore, consisting cliiefly of pyrite, some chalcopyrite, quartz, 
hornblende, etc. This class corresponds to the Norwegian pyrite. 



Fio. 216.- Tlie pyntc depo.sit ut Fahlvni. Toniebolini. 


2. Hard ore, chiefly quartzite impregnated with chalcopyrite to the 
extent of 3-5 per cent of copper, and pyrite. 

3. IHch gold ore, essentially a hard ore traversed by vmns of metallic 
gold and of seleniferous galena-bismuthinite, this minerrd having according 
to M. Weibull ^ the composition PbS.Bi^S.^ + PbS.Bi.^Se,^ with 51 per cent of 
bismuth and 14 per cent of selenium. The gold is found almost exclusively 
in the immediate vicinity of the selenium mineral so that by hand-sorting, 
a selenium ore containing 10-30 per cent selenium is obtained on the one 
hand, and a gold-ore containing 100-300 grm. of gold per ton on the other. 

The soft ore containing on an average 2-3 per cent of copper, 2-3 
grm. of gold and about 20 grm. of silver per ton, occurs in very large bodies 

^ ‘ Die Geologic der Fahlun Gnibe,’ Qeol. Foren. Fork. XV., 1893. 

2 Ibid. VIT,, 1885. 
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bounded by crush-planes, as illustrated in Fig. 216. These however pinch 
out at a depth of about 350 m. The other ores occur in the country-rock 
adjacent to the pyrite masses. 

Tornebohm in 1893 regarded the soft and hard ores as sediments 
which, subsequent to their deposition, had been altered by folding, 
dislocation, and the intrusion of eruptive rocks. Vogt considers the 
entire formation as epigenetic. The occurrence of auriferous veins in 
connection with pyrite masses and impregnations is particularly interest- 
ing. It may be regarded as an intermediate type between this group of 
pyrite deposits and certain gold-quartz lodes. 

The Falilun mine which has been worked continuously since the year 
1220 has produced about 500, OOO tons of copper, 15 tons of silver, and 1-5 
tons of gold, the total value of tliis production being about 57 millions 
sterling. The zenith of its prosperity was in the seventeenth century 
when in the year 1650 no less than 3155 tons of copper were produced. 
From that time the production has declined till latterly it has been 
approximately 300 tons of copper per year contained in copper-sulphate, 
and some 30,000 tons of poor pyrite used for the manufacture of 
sulphurous and sulphuric acid. The gold production which began in 1881 
and rose in 1898 to 109*8 kg. has fallen again so considerably that 
in 1907 it reached only 26*1 kg. 


Pyrite Derostts at Rio Tinto 
LITERATURE 
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This most important district known sometimes as the Huelva district 
after the Spanish port of that name and sometimes as the Rio Tinto district 
after the name of the principal river, extends in the southern portion of 
the Iberian peninsula almost from the Atlantic on the west to the Guadal- 
quiver on the east, following generally the southern slope of the Sierra 
Morena and that of the western continuation of the Sierra de Aracena, 
upon which slopes the most important mines between San Domingo in 
Portugal to the west, and Rio Tinto to the east are found grouped. 
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By far the largest number of these deposits therefore lie in Spain. 
The length of the zone, not taking into account the smaller isolated deposits, 
is about 130 km. and the width about 20 km. The principal occur- 
rences are Rio Tiiito, situated about 83 km. from the port Huelva ; 
Tharsis, 45 km. from Huelva; and San Domingo, about 17 km. from 
the town of Pomaron situated on the navigable river Guadiana. Other 
important occurrences are : La Pena, Poderosa, Esperanza, San Miguel, 
La Zarza, Lapilla, etc. Several of the deposits mentioned are indicated 
on the map. Fig. 217. 

The district is traversed by a number of railways most of which start 
from Huelva and diverge to the north and to the north-east. These are 
in part special mineral railways but they also include main hues, as for 
instance that from Huelva north through Zafra to Lisbon and that east 
through Seville to Madrid or to Cadiz. Farther to the west the district is 
served by the line which runs from Ajamonte through Faro and Beja to 
Lisbon. In addition to these, several east- west cross-lines join together 
different mines belonging to the same company. 

The principal features of the geological structure of the district are 
to be seen from Fig. 217, which is taken from the International Geological 
Map of Europe. Upon this map the pyrite deposits are indicated by spots 
of dark colour. The uplands which border on the Huelva flat and which 
are characterized by soft hills rising from 300 m. to heights of 400 m. or 
even 500 m., consist of Palaeozoic beds interbedded with numerous eruptive 
rocks and transgressed by others. These sediments strike approximately 
east-west with a slight trend towards the south-east and have in general 
a steep dip to the north. 

The most careful geological investigation of this district yet under- 
taken is that by Gonzalo y Tarin, who distinguished an ancient formation 
upon which the Cambrian, Silurian, and Culm rested. This ancient for- 
mation consists of gneiss, mica-schist, quartzite, limestone, and hornblende- 
schist, while the Palaeozoic sediments lying as a covering upon it consist 
chiefly of clay-slate greatly dynamo-metamorphosed, subordinately of 
grauwacke, and to a lesser extent of limestone, lyddite, and hornstone. 
In a few places fossils, recognized in part as Silurian and in part as Culm, 
have been found though not in sufficient number to settle the stratigraphy 
of the district, especially as the geological correlation depends in part upon 
questionable petrographical differences. For instance latterly, Culm 
fossils were found within rocks previously supposed to be Silurian. Accord- 
ing to Klockmann there probably is present an unbroken sequence of 
Silurian, Devonian, and Culm formations, which have been intensely folded, 
inverted, and even overthrust. 

Among the eruptive rocks, granite, syenite, diorite, porphyry, and 
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Fig. 217. — Geological map of the Huelva district based ui)oii the Tutcriiatioiial Geological Map 
of Europe, and showing the position oi the following mines : 

1, Borranco Trinipancho ; 2, Komnna ; 3, One\a de la Moia; 4, Monte Hnrnero and Ant;c‘]iea ; f., San 
riaton; 6, Concepcion; 7, Pernnal; 8, Sotiel Coronada ; 9, San IVdio and Gloria; 10, Podeiosa; 11, 
Cliaparita; 12, Castillo de las Guaidas; 13, Pena del Ilieno; 14, San Telmo. 
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diabase are the most frequent. Schmidt and Preiswerk in 1904 described 
small bosses of granite accompanied by their contact-zones at Gala and 
in the immediate neighbourhood of the pyrite occurrences at Castillo de 
las Guardas. Foliated porphyry and porphyrite of variable composition 
occur extensively throughout the entire district, while quartz-porphyry 
with about 76-5 per cent SiO.^, quartz-diorite porphyry and felsophyre 
with 62-6 per cent SiO.^, as well as more basic porphyrite such as diabase- 
porphyrite with but 40 per cent SiO^, occur occasionally. 

Klockmann considered all these porphyries and porphyrites to be sheets 
contemporaneous with the sedimentation of the slates and mentioned 
rocks which he regarded as tuffs. On the other hand Gonzalo y Tarin, 
and with him do Launay and Vogt, considered that an intrusive origin of 
these rocks was indicated, a view which Schmidt and Preiswerk have 
lately definitely established. The occurrences of porphyry and porphyrite, 
representing between them an almost continuous petrographical series, 
all appear to belong to the one long-continued eruption and in their entirety 
to be intrusive. The bedded form wliich they take is to be explained 
by their intrusion during plication of the strata. In any case the pyrite 
deposits are invariably found in the near neighbourhood of these porphyry 
beds, and most of them, even if not all, occur in the Culm measures and not 
in the Silurian, as indicated on the map previously mentioned. 

The alteration of the country-rock throughout the whole district is very 
characteristic. Regional- metamorphism appears to have proceeded with 
contact-metamorphism, this latter being more often remarked in the neigh- 
bourhood of the plutonic rocks, while the former has not only left its im- 
print upon the sediments but also upon the eruptives. To the present 
it has not yet been determined where stratigraphically the line shall 
be drawn between the crystalline schists and the Cambrian, nor in how 
far the first may only be altered sediments. The porphyry often shows a 
striking kaolinization which it is difficult to explain by the ordinary 
processes of weathering only, but which is more probably due to thermal 
effect in connection with younger tectonic phenomena. 

The deposits are found both within the eruptives*' and the sedi- 
mentaries as well as at the contact of both. Like the beds enclosing 
them and as indicated in Fig. 97, they dip steeply and are lenticular in 
form. This shape, as can be seen in many cases, is not original and it 
must be referred to subsequent tectonic movements which have affected 
country-rock and deposit alike. 

Among the tectonic phenomena which come into consideration that of 
plication must receive first mention ; it has tilted the beds and given 
them their general east-west direction. Of no less importance are the 
transverse faults and overthrusts. The former strike approximately 
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north-south and dip sometimes to the east and sometimes to the west. 
They effect the appearance of lateral dislocation which is so extensive 
in and characteristic of the Rio Tinto district, one result of whicli may 
well be that not a few of the deposits now regarded as independent 
may in truth be but portions of one and the same body first severed by 
these transverse faults and then thrown out of line, to the north or to the 
south. Since in many cases an alteration of the ore-body took place at 
the same time in the neighbourhood of these faults, a lenticular form 
often resulted in this way. 

The ovei-thrusts are quite distinct from the faults. They are to be 
regarded as the products of {)lication although they cannot always 
have marked an end to its operation, but sometimes arose while it was 
still proceeding. With them the foot - wall was thrust up over the 
hanging-wall. Under favourable circumstances, where this may have 
happened more than once, the original width of the pyrite body may have 
become so affected that greater width of ore-body alternates almost regu- 
larly in depth with smaller width, as for instance in the San Miguel mine. 
In cross section such an occurrence presents the appearance of a sequence 
of lenses within which it is occasionally still possible to recognize indications 
of the disturbances to which the increase of width of the deposit is due. 
It is worthy of remark that overthrusts in ore do not shape their planes 
in a manner typical of their occurrence in softer rock. While in this they 
generally form a crushed zone in which only in the rarest case does any 
open space remain, the plane of overthrust in ore often staTids some centi- 
metres open. The difference rests naturally upon the greater resistance, 
hardness, and brittleness of the ore-bodies. Where these have been subject 
to intense tectonic movement they must naturally also have suffered 
intensely in their internal structure. As evidence of this the ore-bodies 
in many mines are found crushed and reduced to an infinite number of 
small angular pieces some centimetres in size, forced and kneaded into one 
another. 

The size of these Iberian pyrite deposits whether in strike or dip is 
very variable.^* While occasionally the irregular, lenticular, or columnar 
ore-bodies possess remarkable width and extension in depth, others which 
may appear important at the surface have at a depth of 200 m. already 
pinched out, as was the case at El Confessionario and in two cases at 
Tharsis. In addition a large number of mines show decreasing dimensions 
in depth. The relations between the length, depth, and horizontal extent 
of several ore-bodies is given in the following statement : 

^ Vogt, Zeit. /. prakt. Geol., 1899, p. 241. 
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licngth. 

Maximum 

Width. 

Average 

Surface 

Width. 

Surface 

Area. 

Deepest 
Shaft 1896. 

Rio Tinto — 

Metrf“<. 

Metres. 

Metres. 

Metres. 

Metres. 

Dionisio . . . . ; 

1000 

1.50 

60-70 

65,000 

375 

South Lode 

1100 

180 

40-60 

50,000 

300 

North Lodo 

•300 

100 

80 I 

25,000 

150 

San Domingo 

400 

i 75 

30-50 

15,000 

150 

Aguas Tonidaf^ . . . ; 

150 

1 

50 

7,000 

150 


As illustrated in Fig. 115 some mines work more than one ore-body; 
the Rio Tin to for instance. The South Lode of that mine presents striking 
differences in width. At the surface this is as much as 180 m. of compact 
pyrite, from wliich high figure it decreases to a pronounced pinch at a 
depth of 100 m., while along the strike it disappears after some hundred 
metres. 

According to experience the general statement may be made respecting 
the Huelva district that the pyrite occurrences there reach no great depth. 
So far they have been followed down to 300-400 m., at which depth the 
decrease in width is considerable. 

The horizontal area on the surface of some of these deposits may be 
seen from the above table. The total area has been estimated to be just 
under 500,000 sq. m., the significance of which figure will be apparent when 
it is compared with analogous measurements of other European occur- 
rences ; the pyrite deposit of Rammelsberg for instance with approxi- 
mately 8000 sq. m. 

The pyrite deposits of the Rio Tinto district represent not only one of 
the largest accumulations of copper in the world but at the same time 
the greatest collection of pyrite. It is probable that originally there was 
in these deposits altogether from 250 million to 400 million tons of pyrite 
containing 1-3 per cent of copper. Of this total however a large tonnage 
has been removed by erosion while some 125 million tons have been 
mined. Concerning this latter figure it must be remarked that in conse- 
quence partly of primary variation in deposition and partly of subsequent 
enrichment near the surface, this tonnage contained the richest of the 
copper ore. 

The primary ore is chiefly a fine-grained, compact pyrite mass con- 
sisting chiefly of pyrite, with some chalcopyrite and small amounts of other 
sulphides, galena, sphalerite, etc., these latter being however generally 
not visible to the naked eye. In addition there is some small admixture 
of quartz the amount of which in places however may increase. At times 
also streaked or striped patches occur, and in isolated occurrences the 
pyrite may be banded with galena or sphalerite in such a manner so as to 
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resemble the ‘ mixed ore ’ of Rammelsberg. Often too the ore-bodies consist 
of a sequence of numerous conformable tliicknesses of variable composition ; 
while finally in the neighbouring schistose country-rock pyrite impregna- 
tions resembling fahlbands are found. 

Of great scientific interest and of equal economic importance for the 
Huelva district are the primary and secondary depth-zones which have 
been demonstrated to occur in connection with the distribution of the 
metal content in these deposits. By surface weathering the original pyrite^ 
invariably containing more or less copper, has become altered to limonite. 
With this change the copper content has in most cases become so com- 
pletely leached that no trace of resultant malachite or azurite can be seen, 
while even chemical analysis is often unable to offer any evidence of an 
original copper content. The removal of the sulphur is equally complete, 
analyses of the gossan generally showing this to be almost completely 
free from both copper and sulphur. 

It would consequently be difficult for a mining engineer or geologist 
unaccustomed to such coiiditions, to determine from surface exposures 
only whether that which he was investigating were a deposit of iron or the 
gossaji of a pyrite deposit. To differentiate between these two possibilities 
there is but one piece of evidence to which no objection can be taken, 
namely the nature of the decomposition of the country-rock in the neigh- 
bourhood of the deposit. If the deposit in question were originally of 
pyrite then, by the sulphuric acid resulting from the oxidation of such 
pyrite, the country-rock would have been robbed of all its original con- 
stituents save the quartz. To-day in this secondary iron ore, extremely 
typical skeleton crystals of quartz arc found. 

The depth of this gossan, which doubtless one day will be valuable 
because of the iron in it, is on an average about 20 m., though in places 
it is more than 40 m. The cementation zone beneath contains chiefly 
bornite and chalcopyrite, relative to which there is evidence that in the 
process of cementation, from the cupriferous pyrite chalcopyrite was first 
formed which ^en became raised to bornite, the next higher copper 
sulphide. The sequence of these depth-zones is illustrated in Fig. 12. 

The depth of the enriched zone varies in different mines but it may 
reach as much as 50 m. or more. From it the ore, containing occasionally 
10-15 per cent of copper, is derived. This rich ore, which has sometimes 
been produced in considerable quantities by individual mines, is in 
some cases prudently kept in reserve in order by calculated addition 
to bring the copper content of poorer primary ore up to the minimum 
demanded for export, this minimum being generally 2*5 per cent. 

As will be mentioned more particularly when discussing the composition 
of this pyrite, silver is generally present in amount up to 40 grm. per ton, 
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while traces of gold are often found. These precious metals in the process 
of secondary redistribution of the metal content have become concentrated 
by themselves in a layer but a few centimetres thick at the contact between 
the oxidation and cementation zones. 

Occasionally striking effects of decomposition are seen, such for 
instance as the occurrence of small pieces of cementation ore well within 
the primary zone. In such cases it may generally be demonstrated that 
the level of the ground- water has sunk on both sides of a fissure, whereby 
the processes of secondary redistribution to which the upper zones owe 
their existence were carried into the primary zone. Under such circum- 
stances cementation ores rather than those of oxidation become formed, 
since the mineral solutions circulating in such 
a fissure become reduced by the pyrite on 
either side and, following the usual replacement 
processes, the pyrite becomes first converted 
to chalcopyrite and afterwards to bornite. 

In their bearing upon the future of 
this district the primary depth - zones 
which the deposits exhibit are of special 
importance. Experience in the last decades 
has shown that the average copper content 
gradually diminishes in depth even in 
those mines which have long since been 
operating in the primary zone. While the 
difference between the copper content of the 
cementation ore and that of the adjacent 
upper portion of the primary zone is con- 
siderable and may in individual cases be 
. represented by such a proportion as 10 : 3, the decrease with greater 
depth within the primary zone is quite gradual, requiring a hundred 
metres or even some hundred metres to bring about a decrease from 3 to 
2 or from that again to 1*5 per cent. 

The Composition of the Rio Tinto Pyrite . — From the analyses given in 
the following table it may be seen that the Rio Tinto pyrite, of which the 
essential constituents are iron, sulphur, and copper, contains other substances 
and among them, silver and arsenic. The silver content being as before 
mentioned generally below 40 grm. per ton, may be left out of consideration 
at present ; that of the arsenic however is worthy of further remark. 
Although the amount of this element is but small it is embarrassing both 
in the manufacture of sulphuric acid, to which this pyrite is applied, as well 
as in the application of the residues to the production of iron. In conse- 
quence of this small amount of arsenic the pyrite from the Rio Tinto district 
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Tinto district showing tlie de- 
crease of tile copper content in 
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is worth somewhat less than that from Norway, a fact which is expressed 
by a difference of one or two shillings per ton in favour of the latter. In 
tliis matter of arsenic the ore from one small mine, the El Tinto, contains 
1*5—2 per cent, which is much above the average, while on the other hand 
that from the Aguas Tenidas, now stopped, exceptionally contained no 
arsenic though at the same time but httle copper. 


Analyses of Rio Tinto Ore 




Rio Tinto. 



Tharsis. 


San Domingo, 


1 

2 

3 

4 ! 

5 

6 


8 

s . . 

4900 

48-50 

48-00 

47-76 

49-00 

47-43 

44-00 

49-30 

Fo 

4.‘l-55 

40-92 

40-74 

43-99 

42-88 

41-30 

38-70 

41-41 

Cu 

3-20 

4-21 

3-42 

3-69 

2-20 

3-73 

3-80 

5 81 

Pb 

0-93 

1-52 

0-82 

0-10 

0-52 

0-58 

0-58 

0-00 

Zn 

0-35 

0-22 

Trace 

0-24 

0-10 

Trace 

0-30 

Trace 

As 

0-47 

0-33 

0-21 

0-83 

0-28 

0-.33 

0-20 

0-31 

Sb . . 



Trace 


Trace 

0-14 


Trace 

Bi 




0-37 


Trace 



Co 




0-05 ! 


0 00 1 



Ni . . 






Trace 



SiOa . . 

i'to 

i*46 

5 07 

i-99 

2-94 

3 08 

li-io 

2-00 

CaO . 

014 

0-90 

0-21 

1 0-23 

0-18 

, 0-07 

0-14 

0-14 

MgO . 



0-08 

1 0-07 

Trace 

0-10 

Trace 

1 Trace 

0 in F 02 O 3 
SO 3 . . 



0-09 


0-15 

i-’io 

0-23 

! 0-25 

H 2 O . 

0-70 


0-91 

0-48 

6-95 

0-13 

6i7 

i 6-05 

Total 

10004 

10000 

10015 

99-80~j 

99-46 

99-55 

99-88 

r 99 93 


The average copper content of the whole output is not so high as the 
figures of the above analyses would iiidic^itc. That of the Rio Tinto mine 
in the ’nineties for instance was about 2*9 per cent, while that of the more 
important of the other mines ranged from 2*5 to 2*75 per cent. Since 
then the average has sunk somewhat so that in recent years it may be put 
down at the highest as 2*5 per cent for the whole district.- 

In the following table the approximate average content at different 
depths and in different mines is given. In each case the high content 
near the surface is doubtless due to secondary enrichment : 
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Depth. 

Per Cent 

Cu. 


ni. 



(40-120 

4 

Dionisio, Rio Tinto 

\ 200 

2 


( 350 

1-6 


(20-40 ’ 

4-5 

San Domingo 

1 60-80 

1 100 

2 

1-5 


[ 140 

1 


( 40 

3-5 

Cabezas del Pasto .... 

\ 60 

3 


( 80 

2 

Caridad near Aznalcollar 

f 40 
\ 110 

4-5 

0-5 


The pyrite of the upper levels often carries some copper and iron 
sulphates as recent secondary products, and some selenite, etc. The 
rocks in the immediate vicinity of the ore-bodies, when not completely 
decomposed, are, in consequence of their saturation with acid water, strongly 
corroded and in a condition which makes a proper conception of their 
original character most difficult. The streams flowing from the district 
are coloured red or brownish-red because of the iron oxide they contain, 
hence the names Rio Tinto and Aguas Tenidas, the former meaning coloured 
river and the latter stained water. In the marshes at the river mouths 
more than 50 km. away from the deposits, considerable accumulations of 
iron oxide are found, this oxide arising from the secondary sulphates 
mentioned above. 

Some authorities, especially Klock maun but including also Ferd.Riuncr, 
Wetzig, Stelzner, and Bergeat, considered these Rio Tinto deposits to be 
sediments. The conformability between the slates and the pyrite beds, the 
occurrence of parallel layers in the ore-bodies, and the banding of the pyrite, 
were facts quoted in support of this view. As mentioned before however 
the evidences in favour of a sedimentary origin are inconclusive. Even the 
supporters of this view, Klockmaim and later Wetzig, remarked the close 
connection of the pyrite with the occurrences of porpliyry and porphyritc, 
a connection which they explained in that the outpourings of porphyry 
brought the constituents of the pyrite with them, iron, copper, etc., on 
the one side and sulphur on the other, precipitation resulting. 

Against this Gonzalo y Tarin, supported especially by de Lauiiay, 
Vogt, and latterly by Schmidt and Preiswerk, advocated an epigenetic 
origin. The very irregular shape, well illustrated by the North Lode of 
Rio Tinto, is difficult to harmonize with a sedimentary formation. In 
greater part the deposits occur at different horizons of the Culm- measures. 
Were they then formed by sedimentation, the circumstances of their forma- 
tion must have been repeated at intervals and at different places. Not 
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only is it the case that the slates are impregnated with primary pyrite 
but occasionally also the porphyry. Moreover conformity between pyrite 
deposit and slate is not invariably the case. For instance the pyrite of 
San Miguel, according to Beyschlag and Krusch, and that of Aznarcollar, 
according to Schmidt and Breiswerk, cut across the slate in places and 
it was particularly remarked that at both localities tliis was actually the 
case, and not an appearance due to- false schistosity. Other similar trans- 
gressions of the pyrite across the slate have also been described. With 
this fact established an epigenetic origin to these deposits must be 
concluded. 

The absence of druses may, as with the Norwegian deposits, be because 
the pyritic material was not deposited gradually, like for instance the 
material of the lead-silver lodes, but all at once, to crystallize later. 
The folding of the slates, the intrusion of the porphyry, and the formation 
of the pyrite, were probably, as suggested by de Launay, all connected 
and consecutive phases of one inclusive occurrence. The arguments for 
consolidation from magmatic solutions and for the source of those solutions 
from rock magmas, quoted in connection with the corresponding deposits 
in Norway, may in their essence be applied to these of Rio Tinto. 

Mining in this district began originally as far back as the time of the 
Phoenicians, that is about tlie eleventh century n.c. or perhaps still earlier, 
from which date it continued almost without break to the eighth century 
A.D. in which period is included a time of great activity during the Roman 
occupation. At that tinui the small secondary veins of rich copper ore 
within the pyrite mass were more particularly worked, and the larger 
bodies became riddled, as with mole holes, to a depth of some 125 m. 
During the Moorish occupation the mines were idle. In the sixteenth 
century some of the mines w'ere started again though to the middle of the 
last century operations continued on but a small scale. Thus the annual 
production between the years 1783 and 1849 was generally 80-150 tons 
of metallic copper, though occasionally it was more than 200 tons. Only 
in the ’fifties i^nd ’sixties did the present large-scale production begin ; 
San Domingo for instance in 1850, Tharsis in 1866, and the present 
Rio Tinto Company in the beginning of the ’seventies. The production 
since then may be gathered from the figures on pp. 303, 326, and 327. 
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Total Output of Tyrlte 

, Rio Tinto Company. 1 

i 

Ore treated’ at the Mine. 

Copper 

recovered. 


Shipped. 

For treat- 
ment at the 
Mine. 

I’otal. 

Average 

<’opper 

content. 

1 

Long 'J'ons 
ot Pyrite. 

Average 

Copper 

content. 

Long Tons. 

1888 

434,316 

969,317 

1,403,633 

2949 

393,149 

2208 

18,522 

1890 

396,349 

865,406 

1,261,754 

2883 

397,875 

2595 

19,183 

1 1892 

406,912 

995,161 

1,402,063 

2819 

436,758 

1 2569 
11465 

20,017 

1 

1894 

498,640 

888,655 

1,387,095 

3027 

486,441 

1 2594 
i 988 

20,606 

’ 1896 

691,752 

845,680 

1,437,332 

2931 

649,586 

12529 

1 1068 

20,817 

1 1898 

644,518 

820,862 

1,466,380 

2862 

618,110 

f 2600 

1 1023 

20,426 

1900 

704,803 

1,189,701 

1,894,604 

2744 

665,967 

12553 

11187 

21,120 

1901 

633,949 

1,294,827 

1,928,776 

2627 

641,935 

12680 

11025 

21,100 

1 

1902 

1 627,967 

1,237,322 

1,865,289 , 

2517 

595,092 

1 f 2342 
; 1 1495 

1 

! 21,659 

1903 

688,919 

1,229,619 

1,918,538 , 

2390 

667,748 

i 1 2320 
\1241 

21,565 

1 1904 

672,344 

1,276,475 

1,948,819 

2340 

663,744 

i 12105 

1 978 

21,218 

1 

1905 

627,336 

j 1,202,768 

1,830,104 

2363 

660,724 

12182 
i 1 124 

19,530 

1906 

655,328 

' 1,268,388 

1,92.3,716 

2411 

1)32,307 

1 2302 
U198 

j 21,287 

1907 

641,858 

1,265,090 

1,006,948 

2417 

607,944 

12112 
; 1 1048 

21,251 

1 

1908 

604,275 

1,115,610 

1,719,880 1 

l__ 

2205 

589,815 

! 1 2037 

1 952 

24,256 

1 


According to Gonzalo y Tarin the amount of ore won from these 
deposits previously was altogether about 30 million tons containing 1*2 
milUon tons of copper, figures which the Mming Journal, London, Feb. 
1894, and August 1895, put at 20 million tons and 0*8 million tons 
respectively, the authority in the issue of the latter date being W. G. 
Bowie, who also estimated that up to the end of 1894 modern mining had 
produced about 58 million tons of ore. To these figures some 40 million 
tons may be added as the production from that date till the end of 1908, 
up to which date it would therefore appear that about 125 million tons of 
ore had been mined. The output of ore and the production of copper from 
Kio Tinto in later years are given in the above table which is taken 
from The Mineral Industry, 1908. 

The total pyrite production of Spain and Portugal in recent years 
has been as follows : 
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Spain. 

Portugal. ! 

1 


Metric tons. 

Metric tons. 

1900 

2.760.000 

2.700.000 

402,870 

1901 

443,697 

1902 

2,760,000 

413,714 

1903 * 

2,947,600 

376,177 

1904 

1 2,786,000 

463,731 

190.5 

2,805,123 

352,479 

1906 

2,888,778 

1 360,746 

1907 

3,182,646 

351,000 


According to the yearly statistics of Merton & Co. the following 
amounts of copper were produced from the pyrite of the Rio Tinto 
district during the years given : 



1880 . 

1890 . 

1895 . 

1900 . 

1905 . 

1909 . 

Rio Tmto 

16,215 

30,000 

33,600 

3.5,732 

32,280 

36,370 

Tharsis 

9,161 

10,300 

12,500 

7,965 

4,346 

4,365 

San Domingo .... 

6,603 

5,600 

4,100 

3,460 

2,720 

2,365 

Sevilla 

1,705 

810 

1,050 

1,460 

1,280 

1,820 

Other mines .... 

2,639 

4,990 

4,300 

4,255 

4,185 

8,275 

Totals (Long Tons) . 

36,313 

; 51,700 

1 

54,950 

52,872 

1 

44,810 

1 52,186 


From these figures it will be seen that the production rose steadily 
to about the year 1895 since when, in spite of the larger quantity of ore 
mined, it has fallen somewhat, consequent upon the decrease in copper 
content in depth. The largest of these deposits are worked in opencut 
to a depth of 100-120 m., below which depth ordinary mining supervenes. 


Pyrite Deposits of* Sain Bel and Chessy in France 

LITERATURE 

L. DE Launay. ‘ Die Schwefclkieslagerstdtte von Sain Bel (Rhone),’ Zoit. f. prakt. 
Oeol., 1901. 

The only deposits worked for pyrite in France are at Sain Bel in the 
Rhone department about 20 km. north-west of Lyon. These deposits 
occur in a practically continuous zone which strikes north-south and which, 
by scattered outcrops, appears to be connected with the classic though 
exhausted occurrence at Chessy some 10 km. farther to the north. 

From the accompanying sketch taken from the geological map 
published by Michel Levy and used by de Launay, it appears that the 
deposit at Chessy is associated with pre-Cambrian felspathic schists, while 
at Sain Bel the deposits are connected with chlorite- and hornblende- 
schists of uncertain age and origin. 
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At Chessy the schists are impregnated with pyrite containing as much 
as 6-12 per cent of copper, with some quartz ajid barite. Mining began 
in this district as far back as the Roman time. In the year 1809 the 
mine was already 215 m. deep and showed then a considerable diminu- 
tion of the copper content. Presumably the zone of secondary enrichment 
had by that time become exhausted. The pyrite in these pre-Cambrian 
schists consisted in part of a bronze-coloured mixture with 6 per cent of 
copper, and in part of chalcopyrite with 15—20 per cent. Quite by accident 
some driving was done in the sandstone and shale of the Keuper formation 
lying to the east. In these, when in the neighbourhood of the pre-Cambrian 
schists, veins of melaconite, malachite, and azurite, were found, the output 
from which for a time caused a considerable increase in production. In 
addition to the pyrite bodies and the copper veins an impregnation zone 
of azurite nodules in the Keuper sandstone was followed for 150 m. along 
the strike and 30 m. in dip with a width of 5 m. From this zone tlie nodules 
of eopper carbonate so often seen in collections were derived. 

The pyrite occurrence at Sain Bel carries both lode-like and lenticular 
masses. The present production comes from a lens worked at St. Cobain, 
the so-called Grand Filon of Bibost, and from another lens at St. Antoine. 
The lode at Bibost, which is in fact a lens, has a length of GOO m. and a width 
of 14-20 m. so that 1 m. of height gives 60,000 tons of ore. This contains 
50-52 per cent of sulphur. The horizontal section is approximately 
double that of Rammelsberg. To a depth of 166 m. no diminution 
of thickness has been experienced, and the total (j^uantity of ore in the 
deposit has been estimated at 13 million tons. This pyrite mass, excluding 
the occurrence at Fahlun which is now almost exhausted, is the largest of 
all occurrences in Europe other than those in the Iberian Peninsula. 
It consists of compact pyrite similar to that of Rio Tinto but with less 
admixture of impurities, so that the ore sold may be guaranteed to contain 
50 per cent of sulphur. The demarcation between the compact unstriped 
pyrite and the chlorite schists is definite and sharp although on both sides 
these schists are to some extent impregnated with pyrite. It is important 
to observe that apart from some dykes of quartz-porphyry seen at some 
distance striking at right angles to the pyrite zone, no eruptive rock occurs 
in the district. The origin of the hornblende-schist is as mentioned before 
uncertain. These occurrences are undoubtedly epigenetic and in many 
respects present resemblances to those at Rio Tinto. The composition 
of the pyrite may be seen from the following analyses, I., of the lens of St. 
Gobain, and II., that of the Grand Filon. 
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I. 

II. 

Sulphur . 

53 09 per cent 

52*49 per cent 

Iron .... 

46-46 

46-43 

Ganguo 

! 0-37 

0-90 

Arsenic 

Traces 

1 Traces 


The pyrite is practically without copper and contains but httle quartz. 
The Societe de Saint-Gobain during the period 1872—1908 produced alto- 
gether from Sain Bel about 7*5 milhon tons of pyrite, the yearly variations 
of output being indicated in the statement on p. 303. The other occur- 
rences in France produce an additional 2000 tons per year. 


The Pyrite Occurrence at Agordo 
LITERATURE 

Haidinger. ‘ Analyse des minerals de cuivre d’ Agordo,’ Bull. Soc. Gcol. do la France, 
2e, Vol. IV,, 1846, p. 164. — Haton de la Goui’iLLijRE. ‘ Memoiro sur Agordo,’ Ann. des 
mines, 5°, Vol. VIII., 1855. — B. von Cotta. Agordo. Berg- u. Huttenm. Ztg., 1862, pp. 
425-427. — B. Walter, ‘ Beitrag zur Kcnntni.s der Erzlagerstatto von Agordo,’ Oe.sterr. 
Zeit. f. Borg- u. Huttenw., 1863, pp. 114-119. — A. St. Schmidt. ‘ Geognostisch-bergman- 
nische Skizze liber den Kiesstock von Agordo,’ Berg- u. Hutton. Ztg., 1867, p. 240. — 
Pellati. ‘Relaz. Ind. Minor. Stattist.,’ Regno Italia, Firenze, 1868.— Mazzuoli. ‘Traitc- 
ment des minerals par voio humide a Agordo,’ Ann. des mines, Vol. IX., 1879, p. 190. 
— D’Achiardi. I Mineral!, etc., Vol. I., 1883, p. 331. 


This deposit lies in the Imperina valley of the Venetian Alps about 15 km. 
from the frontier with the Tyrol. It owes the frequency of its mention to 
the interest awakened by the article by von Cotta cited above. The deposit 
occurs in pre-Carboniferous micaceous clay-slates which are separated 
from the Triassic beds and the overlying Lias of the Alps by a well-marked 
dislocation termed the Agordo-Cormelico fault. The Triassic beds there- 
fore have no bearing upon the deposit which is exclusively connected 
with the micaceous clay-slates associated with the Permian quartz-por- 
phyries. These slates in the neighbourhood of the pyrite bodies are light- 
coloured and to a distance of about 30 m. much silicified. Farther away 
however they pass to dark graphitic schists with bright divisional surfaces. 
In these dark schists inclusions of pyrite are found. 

The deposit generally speaking has the shape of a long extended 
and flattened lens which strikes south-west and north-east and of which the 
axis dips at an angle of 20° to the north. It comes to surface in the bed 
of the Imperina River where its outcrop can be traced for a length of about 
460 m., with a width which varies from 4 to 30 m. Mining operations 
underground have proved a length of 550 m., a width which reaches as 
much as 39 m., and a present depth of 200 m. 
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The mass of the deposit consists of pyrite with a little quartz and 
with definitely banded chalcopyrite. In places where the quartz is particu- 
larly plentiful other minerals occur, such for instance as galena, sphalerite, 
lollingite, argentiferous tetrahedrite, linnaeite, arsenopyrite, uUrnannite, 
etc. Calcite is seldom seen. Goslarite occurs as a decomposition product. 
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Fifi. 220.— The pyrito deposit of Agordo. B. von Cotta, ii-u. Il-Ztr/., 1862, p. 426. 

The ore is compact though the bodies show a banding which is generally 
parallel to the walls. Three classes of ore are distinguished, rich pyrite 
with 4-30 per cent of copper ; medium ore with 2-4 per cent ; and poor 
ore with 0*5-2 per cent. Reckoned over the entire output the average 
copper content will probably be about 1*7 per cent. 



Fig. 221.— Geological position of the pyrite Fig. 222.— Section of tie* pyrite deposit of 

deposit ol Agordo ; diagraniinatic. Bi))olini. Agordo ; diagrammatic. Pcllati. 


The genesis of this deposit has not yet been satisfactorily established. 
It is pre-Triassic and presumably Permian. In all probabihty it is the 
product of magmatic differentiation within an acid magma. The above- 
mentioned Agordo-Cormelico fault influenced deposition to this extent that 
it probably brought the pyrite, already formed and concentrated in depth, 
into the vicinity of the contact between the porphyry and the clay-slate. 

The output from Agordo for a long time amounted to some 200 tons of 
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copper per year, though from this figure it has since receded. The total 
quantity of ore within the probabilities of the deposit has been reckoned 
at 1-75 million cubic metres from which however it is probable that the 
best ore has been already extracted. To-day the deposit is regarded as 
unpayable. L. de Launay about the year 1890 es^tiniated the ore reserves 
then at 176,000 cubic metres.^ The mine belongs to the district of Vicenza, 
which district in the year 1908 ^ produced altogether 28,860 tons of pyrite, 
of which 27,000 tons were stated to be cupriferous. The total value of this 
production amounted to about £21,000 or equivalent to 14s. 6d. per ton. 


The Pyrite Occurrence of Ghinivert 
LITERATURE 

V. NovAiiESK. ‘ Ltk MiiiK'ra del Beth e Cihiuivert,’ Rcass. Miner., Vol. VII., March 
1900. Turin, 1900. 

Within the mass of the mountain known as the Punta del Ghinivert, 
situated within the municipalities Pragelato and Massello, cupriferous 


hmia dd Chiniyert 



C", Calcareous .schist ; r’u, cupriferous pyntc ; p, (‘uphotide or i^abbro. 


pyrite deposits occur which in their geological relation ^exhibit great 
similarity to those of Agordo. 

The above-mentioned mountain consists of calcareous schists in which, 
analogous to the Norwegian occurrence, lenticular masses of euphotide 
or gabbro-Fock occur. It is in the immediate neighbourhood of this rock 
that the deposits of pyrite are found. These for the present however are 
without economic importance. 


^ Trait e dea gites miner aux et melallifires. 

* Rivista del servizio minerario, Rome, 1909. 
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The Pyrite Deposits of Schmollnitz 

LITERATURE 

Freiherr von Andoran. ‘ Dio Erzlagerstatten clcs Zipser und Gdmdror Komitats,’ 
Handb. d. k. k. gcol. Reichsaiintalt, 1859. — A. Hauch. ‘ Schmollnitzcr Huttenprozesse,’ 
OcHtorr. Zoit. f. Borg- u. JIutteuw., 1800, pp. 209-271. — B. von Cotta. Dio Lohro voti don 
Erzlagerstatten, 1800, Pt. 11. — B. von Cotta und L. von Fkllknberg. Dio Erzlagor- 
stfitton Ungarns und Siebenburgens, 1802. — G. Falekr. ‘ Dor Kupferborgbau in Schnibll- 
nitz,’ Berg- u. Huttenm. Jahrb. d. k. k. bsterr. Bcrgakad., 1808, pp. 198-197. — von Hauer 
Erlauterungen zu Blatt 111. der goologisehon t) bersichtskarte dor k. k. osterr.-ung. Mon- 
archie. — .T. Steinhausz. ‘ Dor Kupfer- und Schwefclkiosbergbau von Schmollnitz,’ Borg- 
u. Huttenm. Jahrb. d. k. k. bsterr. Bergakad., 1890, pp. 207-320. — Fahndrich. ‘Der 
Sehwefolkiesbcrgbau bei Sehmbllnitz,’ Zeit. f. d. B-, H- u. S.-Weson im preuss. Staat, 
1898, pp. 217-234. Schwarzik. ‘ Daton zur genauen Kenntnis dcs Szopes-Gbrnbror 
Erzgebirgos,’ Llngar. Math. u. Natiirw. Ber. Vol. XXII I., Pt. 3, Leipzig, 1905. — H. BSckh. 
‘ Beitragc zur Gliedorung des Szepe.s-Goinorcr Erzgebirges,’ Jahresber. d. k. ling. gcol. 
Rcichsanstalt fur 1905, pp. 40-53, etc. 


The counties of Zips and Gdmor in Hungary are famous for their 
many lode-like de])osits of siderite and bedded deposits of pyrite which 
occur in close connection with basic eruptive rocks. The particular hills 
in which they are found arc known as the Zips-Gonuirer Erzgebirge. 
Schmollnitz lies in a deep tributary valley which coming from the north 
enters the main Gollnitz valley. 

The main features of the geological structure of the country are accord- 
ing to Bockh as follows : The Zips-Gdmorer Erzgebirge consist in greater 
part of graphitic schists and quartzitic sandstones belonging to the Culm 
which have been foliated and folded by dykes of quartz and quartz- 
porphyry. In the vicinity of the depo.sits the rocks are silicified and 
given a dioritic facies. It is only in places that rocks representing the 
Carboniferous Limestone occur. The upper Carboniferous beds above 
consist of quartzitic schists, conglomerates, and lilac-coloured clay-slates 
with small impure coal seams. These beds are covered by Permian 
quartzites which have a wddc extent in the iron districts. A still younger 
covering consisting of Werfen beds, Triassic limestones, and Lias, is 
found in places. The Pala30Zoic beds have been folded into east- west 
syncUnes and anticlines in such a manner that at Schmollnitz the 
anticlines are of Carboniferous beds while the synclines consist [of Permian 
quartzite. 

The ore-deposits themselves are found chiefly in a greyish-green 
zone of talcose, chloritic, sericitic, or quartzitic schists, which zone, rich in 
quartz, strikes east-north-east and dips 60 — 80° to the south. Between 
the two hills Rotenberg and Spitzenberg a complex of light-coloured 
sericitic and quartzitic schists over 400 m. in width occurs within a mass 
of dark graphitic schists. Within this light complex are interbedded : 



ORB-DEPOSITS 




1. Impregnated zones 
resembling fahlbands. 

2. Lenticular pyrite 
bodies. 

Of the former three 
are known, namely the 
hanging - wall, the 
middle, and the foot- 
wall zones, between 
which, large clean ore- 
bodies occur parallel to 
the formation. These 
zones can be followed 
for as much as 4 km. in 
length, to a depth of over 
400 m., and each with a 
width of almost 20 m. 
The individual pyrite 
bodies are naturally of 
less extent. That termed 
the foot-wall body how- 
ever is known to extend 
for more than 600 m. 
along the strike, for 
more than 140 m. along 
the dip, and to possess 
a thickness up to 40 m.; 
the Engelberti body has 
dimensions of 300 m., 
80 m., and 30 m. re- 
spectively ; and the 
hanging-¥^all body 260 
m., 80 m., and 15 m. 
respectively. In depth 
however it may be said 
that these deposits in 
general do not maintain 
their importance. 

The separation be- 
tween the pyrite and the 
country-rock is not al- 
ways sharp. The ores 


Ch 
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are sometimes banded, in places massive, and where they approach 
their walls they are contaminated by schistose material. The principal 
ore is pyrite ; chalcopyrite occurs chiefly in pockets, bornite more often 
in thin layers, while sphalerite and galena seldom occur. The sulphur 
content is moderate. 

Although large faults are in general uncommon they nevertheless occur, 
and it would appear that in the neighbourhood of such dislocations the 
copper content is higher. This may likely be due to a secondary redis- 
tribution of the original content, since with the copper other younger 
sulphides, such for instance as sphalerite and galena, appear. In the 
central portions of the deposits the average copper content is 0*5 per 
cent, an amount which increases towards the margins until at the actual 
periphery it is about 2 per cent. 

The genesis of these pyrite deposits has been dealt with by both Stein- 
hausz and Fahndrich. The former considers them of epigenetic nature 
on account of the local association with diorite. Fahndrich on the other 
hand, on account of their conformability to the surrounding rocks and 
of the banding of the ore, regards them as sedimentary ore-beds. This 
was the view generally held formerly. Recent investigation in which 
Bockh took a prominent part, has shown without doubt that those deposits 
to which attention has latterly been paid are in close relation to the 
occurrences of basic eruptive rock. This association has indeed become 
so established that in searching for such ore-deposits the first step taken 
is to locate the presence of basic eruptive rocks. It is of interest to note 
that petrographically these rocks resemble the saussurite-gabbro associated 
with the Norwegian pyrite masses. 

The composition of the pyrite from Schmollnitz, where mining began 
as far back as the thirteenth century, may be seen from the following 
analyses, while some idea of the yearly production since 1884 may be 
gathered from the table on p. 303. 

Analyses of Pyrite from Schmollnitz according to Steinhausz 




s . 

47-89 

Bi .... 

0-03 

Fe . 

45-31 

Ni and Co . 

Tr 

Cu . 

0-46 

Mn . . . 

Tr 

Zn . 

0-37 

CaO . . . . 

. 003 

Pb . 

0-33 

MgO .... 

006 

As . 

. 0-65 

Undetermined . 

4-89 

Sb . 

0 06 

Total . 

99-07 
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The Pyrite Deposits of Graslitz-Klingental, etc., in the Saxon- 
Bohemian Erzgebirge 

LITERATURE 

B. VON Cotta. Berg- iind Huttenm. Ztg., 1869.— *0. CAnEiiT, ‘ Uber Graslitz,’ 
Jahrb. d. k. k. geol. Reiehsanatalt, 1899 ; ‘ Dbor Klingontal iind Graslitz,’ Zoit. f. prakt. 
Geok, 1901.— R. Beck. ‘ Kieslagerstatton im sachsisciieri Erzgebirge,’ ibid., 1905. — B. 
Baumoartel. ‘ Uber Klingental,’ ibid., 1905. — O. Stutzer. ‘ Alte und neuo goologischo 
Beobachtungeii an den Kioslagorstatton Sulitjclina-Rdroa-Kliiigonial,’ Osterr. Zeit. f. d. 
Berg- u. Huttenw., 1906; Zcit. f. prakt. Geol., 1909, p. 138. 


These deposits lie near the frontier between Saxony and Bohemia, 
Graslitz being in Bohemia and Klingental in Saxony. In addition to the 
curious occurrence in a crosscut of a door sealed by the customs authorities 
marking the boundary between the two countries, the deposits are 




Pliyllitc, Ort’-bed. (\)iilact-/(»nt‘. Eibcnstuck Assumed extuiisioii 

giuniLe, of the giaiiite. 

Fi(}. 225. — Section of the Gra.slitz-Klingentlial ysyiilc beds. 

Gilbert, Znt . f . p , oU . deal ., 1901, p. Ml. 


also worthy of remark in that the copper content allows only such a bare 
profit to be made that the mine management is constantly confronted 
with the struggle for existence. 

The occurrences lie to the north of (fraslitz on the two hills Eibenberg 
and Griinberg in an eastward projecting tongue of the phyllite formation 
which there forms a thin patch upon the granite. The beds usually lie with 
a north-south strike and a dip of 20-30° to the west, so thaf when going in 
this direction, successively higher horizons of the phyllite are encountered. 
This formation on the two hills mentioned consists of a lower portion of 
quartzose and felspathic phyllites, and an upper portion of a more slaty 
character. In these beds the ore-deposits occur as conformably inter- 
bedded layers 0*5-3 m. in thickness. 

The ore-bodies consist of a quartz-slate rock impregnated with ore. 
In the quartz the ore is found as irregular pockets, stringers, and impreg- 
nations, while in the slate it occurs chiefly on the bedding-planes but also 
irregularly distributed in veins and impregnations. In width such bodies 
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are usually small though in places this dimension may be more considerable. 
They occur one oyerlying the other and separated by barren widths of 
25 to 250 m., ten of such ore-bodies having been exposed by mining opera- 
tions. The extension along the strike is considerable, the ancients in the 
adit known as Michaelstollen having followed the occurrence for a total 
length of 3000 m. The ore consists chiefly of the sulphides, pyrrhotite, 
pyrite, chalcopyrite, and arsenopyrite, though to a less extent the richer 
. copper and other sulphides are found. 

Several theories of genesis have been advanced for these deposits. 
Gabert, Beck, and Baumgartel, laid emphasis on the association of the 
ore with movement-planes or disturbed zones. Gabert considers that the 
impregnation with pyrite obviously took place in a slate zone which, 
similar to the occurrence described on p. 310, had been dynamically 
altered. According to von Cotta, Gabert, and Beck, these pyrite deposits 
in spite of their conformity are epigenetic in nature ; while Stutzer, 
going farther than this, considers they are magmatic intrusions like the 
corresponding occurrences in Norway. 

Among the ores, pyrrhotite and chalcopyrite are of particular im- 
portance. According to unpublished work by Krusch, the pyrrhotite 
occurrence must be discriminated from that of the other minerals. The 
massive bodies of that mineral he regards as older and presumably 
intrusive members of the rock-complex ; while the chalcopyrite, occur- 
ring in veins and pockets having no relation to the bedding of the 
complex, is of distinct vein-character. 

On an average the ore contains 9-10 per cent of sulphur and about 
1—1 ‘3 per cent of copper. To suit the fine distribution of these contents 
an acid process devised by Schlenzig was apphed, with the result that 
a concentrate with 22 per cent of sulphur was obtained. In the year 
1907 the monthly output of ore was 1000-2000 tons, but normally a 
yearly output of 36,000 tons of ore may be reckoned. 


• The Intrusive Fahlbands 
LU’ERATURE 

E. Weinschenk. ‘ Die Kieslagcrstattcu im Silberberg bei Bodenmais,’ Abb. d. kgl. 
bayr. Akad. d. W. II. Kl. Vol. XXI., Ft. 2, 1901 ; ‘ Eer Silberborg bei Bodenmais,’ Zoit. 
f. prakt. Gcol., 1900. — K. Gruber. Abb. d. bayr. Akad. d. W. II. Kl. Vol. XXL, Pt. 2, 
1901. — W. VON GOmdel. Geognostisebe Besebreibung dos ostbayriseben Grenzegebirges, 
1808, und' Geologio von Bayern, 1864. — J. Lehmann. Untcrsuchungen liber die Entste* 
bung der altkristaUiniscben Sebiefergesteine, pp. 175-178. Bonn, 1884. — Thiel. Beitrag 
zur Kenntnis der nutzbaren MineraHen dea Bayriacben Waldes. Dias., Erlangen, 1891. 

These deposits, among which that of Bodenmais in the Bavarian 
forest may be regarded as typical, may appropriately be treated here. 

VOL. I ‘ z 
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At Silberberg near Bodenmais, at the foot and on the south side 
of the Arber mountain, 1458 m. high, fahlbands, well-known on account 
of the variety of minerals they contain, are found in cordierite- or 
cordierite- garnet -gneiss overlying a large granite area. According to 
Weinschenk whose careful presentation is herein greater part followed, 
tliis is not typical gneiss but a contact metamorphic rock which owes 



Firj. 226.— Tlie Bodcimiais pyriie deposit. Guiiibcl. 

I, Main oie-bcd ; II, foot-wiill loader , III, lian}?inK-\vall leador ; 1-12, stope.s, opencuts, or staiKling oro ; 
a-1, tunnt‘1 buildint's, slialts, etc. 

its present appearance to the intrusion of the granite and to the 
infiltration of the granitic magma. 

This peculiar rock in certain beds is sprinkled with pyrite which 
mineral in places becomes so concentrated that payable ore-bodies result. 
Generally speaking these are lenses with irregular outline, occurring con- 
formably at different horizons in the gneissic rock but never far from 
the granite beneath. It is further remarked that the ore occurs where 
two varieties of this rock come into contact, for instance where hard rock 
resembhng hornstone on one side comes into contact with micaceous 
rock often triturated and broken on the other. In Norway, as men- 
tioned on p. 309, the pyrite occurrences are often found under similar 
circumstances. 
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The most important ore minerals are pyrrhotite, pyrite, chalcopyrite, 
sphalerite, and galena. Cassiterite only occurs in places, but tlien in 
fairly large amount. Magnetite also is found, while the occurrence of 
krcittonitc, the zinc-spinel, is particularly interesting. The pyrrhotite 
is practically without nickel, contains very little cobalt, and but small 
amounts of gold and silver. The galena contains 0*4.4— 0*52 per cent of silver 
which was formerly recovered, hence the name of Silberberg. 

The most imj)ortant gangue minerals are quartz, cordierite with 
pinite, andesine or oligoclase, orthoclase, biotite, hypersthene, brown 
hornblende, andalusite, etc. In addition, zeolites, spessartite, vivianite, 
selenite, barite, etc., are found as secondary products. The width of 
ore is generally one or two metres though in places it reaches 22 m. 

Because of the general bedded character of these deposits they 
were formerly regarded as the sediments of some ancient sea. Lehmann in 
1881 however argued an epigenetic and intrusive nature, a view afterwards 
supported in detail by Weinschenk who showed that the ore-bodies at 
times cross the bedding and enclose angular fragments of the country- 
rock so as to form breccia. These facts may be considered to prove that 
the ore is younger than its country-rock. 

The view that they were deposited from aqueous solution or formed 
by pneumatolytic phenomena cannot, in the complete absence of drusy 
cavities, be maintained. Weinschenk, as evidence of consohdation from 
magmatic solution, laid stress on the fact that a regular sequence in the 
separation of the constituents from such a magma could be recognized. 
The chalcopyrite, just as with the pyrite deposits of Norway, most pro- 
nouncedly occupies the interstices between the other minerals and was 
therefore the last to separate. The gangue minerals, quartz, hypersthene, 
cordierite, etc., when found within the ore, have their crystal angles 
rounded and generally their surfaces corroded. The quartz too has the 
double pyramid either entirely without or with only a short prism, character- 
istic of igneous origin and similar to the habit of quartz in quartz-porphyry. 
According to ^Weinschenk the deposits are therefore to be regarded as 
products at the consolidation of a molten mass forced up from below. 
As stated on p. 278, the mutual solubility of sulphide and silicate rises 
with the temperature, so that with increasing temperature siheates may 
hold more sulphides in solution and sulphides more silicates. The material 
of the idiomorphic crystals of quartz, hypersthene, etc., which separated 
out of the sulphide solution, was certainly originally dissolved in the 
sulphide magma. 

The rocks adjacent to the ore-bodies are often bordered with a layer 
of sphalerite and impregnated with zinc-spinel. Where the texture of 
these rocks is an open one, all the cracks, for instance those within the 
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felspar, are also coated with this same spinel, which is certainly of 
secondary formation arising according to Weinschenk from the action 
o| zinc-sulphide upon such aluminous minerals as biotite, sillimanite, 
felspar, etc., just as zinc-spinel is formed in the retorts of zinc-furnaces, 
a formation studied by Stelzner and Schulze.^ , 

Mining at Bodenmais is of great antiquity having been mentioned as 
far back as 1364. Latterly the ore has been used exclusively for the pro- 
duction of vitriol and jwtee, this latter being the elutriated iron-oxide 
used in glass polishing. For this purpose the yearly output has varied 
between 1900 and 2900 tons of pyrite. Similar deposits long exhausted 
were formerly worked at Daxelried and Ilnterried to the north-west, and at 
Lam to the north of Bodenmais. 

Many deposits hitherto classed with the fahlbands have in greater 
probability been formed by the intrusion of molten sulphide material 
along bedding-planes. Thus Vogt regards the fahlbands of Kongsberg 
as of such formation and these arc the most typical example of all fahl- 
bands. Of similar formation are many of the deposits of chalcopyrite 
and pyrite found in the crystalline schists. Some of these are important, 
as for instance the copper deposits of Atvidaberg-Bersbo in south-east 
Sweden, described by A. E. Tornebohm,^ wliich from 1764 to the cessa- 
tion of work a few years ago produced a total of about 35,000 tons of 
copper. 

At present however it is not possible to separate from one another 
those deposits which have hitherto been regarded as fahlbands. It is there- 
fore regarded as preferable to deal later and under this name with all the 
various fahlbands which, though they may be of different genesis or their 
genesis may still be in question, have all at least many morphological 
characters in common. 


C. METAL SEGREGATIONS 
1. Nickel-Iron in Peridotite and SerpentIne 

Awaruite, a variety of nickel-iron consisting of 67-93 per cent Ni, 
0-70 Co, and 31*02 Fe, and corresponding therefore almost exactly to the 
formula Ni.^Fe, was discovered by G. H. F. Ulrich ^ in a primary deposit 
in peridotite and associated serpentine, on the west coast of New Zealand, 
over a wide district between the Cascade River and Awarua Bay. 
Before this, nickel-iron had been known to occur in secondary deposits. 
It had also been found as a primary deposit in serpentine in the Alps, 

' Neuea Jahrbuch f. Min., 1881, I. * Geol. Foren. Fork. VTL, 1885. 

3 Quart. Jour. XLVI., 1890. 
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at the summit of the Riffelhorn near Zermatt, by Miss E. Aston and 
T. G. Bonney,^ though proper details of this occurrence are wanting. In 
the river beds of the Josephine and Jackson Counties of Oregon, W. H. 
Melville ^ found, in the form of boulders up to more than 100 lbs. in weight, 
a nickeliferous iron, josenhinite, which chemically approaches very closely 
to awaruite. Its composition corresponds practically to the formula 
Fe^Ni,, a little of the nickel being replaced by cobalt, while copper and 
arsenic are also present in small amount. It is accompanied by chromite, 
serpentine, etc., and sometimes is seen in blocks of serpentine, from which 
fact it may be concluded that the primary deposit was undoubtedly an 
olivine rock. A. Sella mentions a nickel-iron with 75*2 per cent of cobalt- 
iferous nickel and 26*6 per cent of iron, or approximately Fe.^Ni^ or FeNi^^, 
in the auriferous sand of the river Elvo near Biella in Piedmont.® 

2. Nickeliferous Iron in Basalt 

The large blocks of nickeliferous iron up to 25 tons in weight found 
by A. E. Nordenskiold during the years 1870 and 1871 at Uifak on the 
island of Disko, off the west coast of Greenland, created considerable dis- 
cussion. These were found upon a large basalt sheet. In addition nickel- 
iferous iron has been observed by K. J. V. Steenstrup in the adjacent basalt, 
a felspar basalt, and in basalt at other places in Greenland. This iron, 
long used by the Eskimos for their implements, generally contains 1-5 to 
2*75 per cent of nickel, 0*3 to 0-8 cobalt, and 0-1 2-0*40 copper. It is 
further almost invariably accompanied by 1*2-4 per cent of carbon partly 
in the form of graphite and partly as carbon in combination with the iron. 
The iron found in basalt is often accompanied by cohenite Fe.^C, schreiber- 
site (Fe,N^,Oo),jP, pyrrhotite, anorthite, pinel, etc. 

Nordenskiold regarded the above-mentioned blocks as meteorites 
which fell simultaneously with the extrusion of the basalt in Miocene 
time. Later investigation however has shown that they are undoubtedly 
metal reduced^from the oxides of basalt magmas. In explanation of such 
a reduction it may be conceived that the basalt magma in question 
repeatedly broke through or flowed over beds of lignite or other organic 
substance. The inclusion of fragments of such material could have effected 
the reduction of the iron and the still more complete reduction of any 
nickel, cobalt, or copper present, since, as indicated on p. 153, these metals 
are more readily brought to the metallic condition than iron. 

The comprehensive bibliography of these iron deposits of Greenland 
finds mention in most mineralogical and petrographical text-books and 

' Quart. Jmr. LII., 189(5, p. 453. - Am. Jour. Sc., 1892 and 1905 

* Comp. Rend. CLII., Paris, 1891, p. 171. 
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more particularly in the Lehrbuch der Mineralogie by Hintze. Reference 
may also be made to Minerahgia Groenlandka, by 0. B. Boggild, Copen- 
hagen, 1905, and to a paper by A. Schwantke upon the iron of Uifak, in 
the Sitzungsber. d. Preuss. Ahad. d. Ifm., 1906. 

Metallic iron has also been found in other basalts, as for instance at 
Antrim in Ireland, at Rowno in Wolhyiiien, near Weimar in the neigh- 
bourhood of Cassel ; and in addition it has been observed in other basic 
intrusions and sheets. 

The famous chemist Cl. Winkler ^ suggested the possibihty that the 
separation of metallic nickel and iron resulted from the presence of 
volatile metal carbonates such as Ni(CO) 4 , Fe(C 0 ) 5 , and Fe 2 (C^O)^, which 
become dissociated at comparatively low temperatures. This hypothesis 
finds however no support in the natural appearance of the metals 
concerned. 

The discoveries of nickel-iron, of nickeliferous iron, and perhaps in 
some cases also of metallic iron without nickel, sometimes in basic plutonic 
rocks and sometimes in the corresponding intrusions or sheets, though 
always of no economic importance, are of particular interest in that they 
form a terrestrial analogy to the cosmical meteorites. 

3. Platinum in Pekidotite 
LITERATURE 

J. F. Kkmp. ‘ Gcologk'al Relation and Distribution of Flatimini and Associated 
Metals; U.S. Geol. Survey, Bull. 193, 1902. 

The platinum metals, ruthenium, atomic weight 101-7, rhodium 103, 
palladium 106-5, osmium 191, iridium 193, and platinum 194-8, have 
hitherto only been won from detrital deposits or gravels. The heaviest 
natural mineral is platinum or iron-platinum which generally consists of 
70—86 per cent of platinum, 8—18 per cent iron, a low percentage of other 
metals especially osmium and iridium, and a small amount of copper. 
After platinum come, osmiridium or iridosmium containing a little iron, 
iridium, iridium-platinum, and palladium. Allopalladium^ the hexagonal 
modification of palladium, is found as a great rarity in a lode in diabase 
at Tilkerode in the Harz. Finally, mention must be made of sperrylite 
PtAs^, and laurite, RuS^. 

Platinum was first discovered in 1755 in the auriferous sand of the 
river Pinto, in the province of Choco, Columbia. Until recently it has been 
known to occur only in detrital deposits in which deposits it has been 
found in the Urals, from whence the greatest output of the metal is 
obtained ; in Columbia ; near Rio Abcate in British Columbia ; at Minas 

^ ‘ Moglichkeit der Einwand(Tung von Mctallen in EruptivgcHteine unter Vermittlung 
der Kohlenoxyd,’ Sdchs Akademie der Wissenachaft, Leipzig, 1900. 
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Geraes, Brazil ; and in New Zealand, Borneo, etc. At all these places the 
iron-platinum is found associated with a considerable amount of chromite, 
magnetite, and the decomposition products of peridotite. 

The platinum gravels of the Urals, those on the Tulameen River in 
the south-western portion of British Columbia and elsewhere, occur either 
in areas of fresh or decomposed peridotite or in the rivers which flow from 
such areas. The metal is found in nuggets intergrown sometimes with 
chromite, more seldom with fresh or decomposed ohvine, and exceptionally 
with pyroxene. Here and there also it is found associated with osmiridium 
and with gold. Kemp, after examination of several nuggets, was able to 
state that the chromite crystallized somewhat earlier than the iron-platinum 
which has a somewhat lower fusion point, while the olivine on the other 
hand only separated after the crystallization of the platinum was complete. 

Erom the above considerations the conclusion was drawn by G. Rose 
as far back as 1842 that the parent rock of the iron-platinum and of the 
associated minerals must in most cases have been a peridotite, and further 
that the platinum occurred in close association with chromite or chromite 
deposits. This conclusion was substantiated at the commencement of 
the ’nineties by the discovery in the Urals at a place in the SolouriefE 
Hills in the district of Goroblagodatsk, of primary platinum scattered 
throughout a somewhat decomposed olivine rock which also contained 
pockets or nests of chrome-iron. Material taken from the prospecting 
trenches, at most but a few metres deep, gave 22 grm. of coarse platinum dust 
per ton, while laboratory tests upon material taken from the ore pockets 
gave as high as 93-1 10 grm. of fine dust per ton of rock.^ In Beck’s LeJire von 
(ler Erzlagerstiillen it is mentioned on the authority of S. Conradi that new 
discoveries of native platinum in olivine-rock have been made in the Urals. 

The occurrence of platinum metals in fresh olivine and the crystal- 
lization sequence mentioned above, undoubtedly justify the conclusion 
that iron -platinum and osmiridium arc the products of magmatic 
consohdation, while from their association with chromite it follows that 
within peridotite magma, at all events in places, minute amounts of the 
platinum metals were subjected to a magmatic differentiation in common 
with the chromite components. Further evidence of the magmatic origin 
of platinum has been obtained by Beck ^ as the result of investigation by 
metallographic means upon the structure of native platinum. 


^ A. Inosiranzoff, Si. PetcKsbiirg Nnfiinv. (Us., Nov. 7, 1892; translatod by Kemp in 
tho above cited work. A. Saytzeff, Die riatinJagersldtlen am Ural, Tomsk, 1898 ; reviewed 
ZeiL f. prakt. Qeol.f 1898, p. 395; ‘ (leol, Unter.suchiingcn im Kreise Nikolai-Pawdinsk,’ 

Arb. des Kais. Russ. Geol. Komitees, St. Petensburg, XTTI. 1. R. Helmhacker, Zeit. f. prakt. 
OeoL, 1893, p. 87. R. Beck, ibid., 1898, p. 25. R. Spring, ibid., 1905. E. Hiissak, ‘tJber 
Vorkommen von Palladium und Platin in Bra.silien,’ ibid., 1907. 

2 Bericht d, Qes. d. LIX., Leipzig, 1907. 
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Stanislas Meunier, taking another view, regards the occurrences of 
native platinum, those of the iron found on the island of Disko, and 
those of the chromite deposits, as formed by pneumatolytic processes ^ 
wherein the chlorides of platinum, nickel, iron, chromium, etc., played 
important parts. The conclusions of Meunier however ‘are founded chiefly 
upon laboratory experiments and not, or only to a small extent, upon actual 
observation of the deposits in question. It is considered however that 
in no case can the chromite deposits be explained by piieumatolysis, nor 
is there any support to be found for the view that awaruite, nickel-iron, 
or the platinum metals were thus formed, but on the contrary the evidence 
is regarded as indicating that all these occurrences are of purely magmatic 
origin. 

Although the platinum metals preferably associate themselves with 
eruptive rocks they are however, as pointed out particularly by Kemp, 
occasionally found in small amount in other rocks and with deposits of 
other ores. For instance, the copper ore of the Rambler mine in 
Wyoming contains a small amount of platinum as sperrylite, while in 
Australia there is the striking occurrence of platinum in the ashes of a 
certain gas-coal. 

In the Urals, by far the most important platinum district in the world, 
three different localities may be outlined. Of these the first and the most 
important lies in the neighbourhood of Nishni-Tagilsk and in greater part 
on the west slope of the Urals, while the other two are found on the east 
slope ; one, comprising the river beds of the Iss and the Dyja, being 
centred around Goroblagodatsk and Bissersk ; and the other around 
Nicholai-Pawdinsk. At Nishni-Tagilsk the gravels are eluvial, that is 
they have been formed in situhj the removal of the lighter particles of the 
decomposed parent-rock, the heavy particles remaining exposed or covered 
with debris. The platiniferous ground covering approximately 180 square 
versts is centred around the hill Solowjewa and distributed along the 
valleys of the Mart] an, Wissym, Tschaush, Syssimka, etc. The country 
there consists of gabbro, diorite, serpentine, and a gneissic granite, these 
rocks being overlaid in places by limestone of Devonian age. ^ The deposits 
discovered in 1825 produced from that date to the year 1844 somewhat 
more than 31,693 kg. of platinum, a figure which by 1895 had reached 
90,440 kg. The not-inconsiderable differences in yearly output are ex- 
plained not only by the variable content of the gravels of which the richest 
are now exhausted, but also from the varying market price of the metal. 
Thus in 1869 about 2107 kg. were obtained, in 1874 more than 1290 kg., 
in 1882 something above 1700 kg., in 1886 more than 1325 kg., in 1893 
1260 kg., while in 1895 something above 1030 kg. was won. 

1 Bericht des VII. Internationalen Oeologe^kongreases, St. Petersburg, 1897, p. 167. 
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The gravels in the neighbourhood of Goroblagodatsk are centred 
around the hills Katschkana 886*2 m. in height, and Sarannajy 656*8 m. 
These deposits, discovered in the tributaries of the Iss in 1825, have only 
been energetically worked since the ’sixties. While the production in 
1869 was but little above 325 kg., in 1879 it rose to over 650 kg., in 1882 
to over 1640 kg., in 1886 to 2290 kg., and in 1893 to 2940 kg., since 
when it has fallen somewhat. 

In the Bissersk district energetic operations also began in the ’sixties 
from whence in the ’eighties the production rose to about 325 kg., in 1891 
to 835 kg., falling back again in 1893 to something above 650 kg. 

The price of platinum fifty years ago was only £30 to £35 per kg., or 
but one-fourth that of gold. Since then however, though subject to much 
variation, it has gradually risen. In 1900 it reached that of gold, beyond 
which it still continued to rise till the price was one-third higher than that 
of gold. Latterly however it has receded to about £160 per kg., that of gold 
being about £1 35. The value of the world’s annual production now amounts 
to about one million pounds sterhng while that of gold is about 87*5 millions. 

The platinum deposits in the Urals produce altogether about 95 per 
cent of the total production, their contribution between the years 1824 
and 1894 being about 123*5 tons, or not quite 2 tons per year. In 1894 
the production was 5*215 tons rising in 1901 to 6*328 tons. In these gravels, 
nuggets are occasionally found which very exceptionally have weighed as 
much as 9*62 kg. Further details of these platinum deposits will be found 
in the section dealing with gravels. 


4. Native Copper and Native Gold in Eruptive Rocks 
LITERATURE 

Prof. H. Sohcjlze in H. Kunz, Chile und die deiitschcn Kolonien, Leipzig, 1890. 
Julius Klinkhardt. — W. H. Weed. Bull. (leol. Soc. Am., 1903, Vol. XIV. — R. Daintree. 
‘ Note on certain modes of oecurrenee of gold in Australia,’ Quart. Jour. XXXIV., 1878. — 
K. ScHMELssER. Lie Goldfelder Australasiens, 1897, p. 92. Dictr. Reiiner, Berlin. — F. W. 
VoiT. ‘ DbersicHt uber die nutzbaren Lagerstatten Sudafrikas,’ Zeit. f. prakt. Ceol., 1908, 
p. 14. 

In the literature many cases are quoted where gold and copper are said 
to occur as primary constituents in eruptive rocks. Since however the 
amounts are always small, sometimes even microscopic, it is extremely 
difficult to determine whether these minute particles are really primary 
or whether they have not been introduced by secondary infiltration along 
ducts which remain unrevealed in the microscopic slide. The first demand 
and sign of a primary condition is that the particular eruptive rock should 
be absolutely fresh and that around the metallic particle in question, whether 
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it be gold or copper, not the slightest trace of decomposition may be 
observed. The description of these occurrences is limited to that of the 
following cases. 

The Cordilleras of Chili, according to investigation by H. Schulze, 
include granite with a gold content. The actual words of the description 
do not however allow it to be said with certainty whether Schulze put 
much value on the demonstration of a primary condition for this gold. 
Again, according to W.H. Weed, gold occurs in aplite dykes in the Winskott 
mine near Helena, Montana. Since however in the same description 
the relationship of these dykes to pegmatitic quartz lodes is mentioned, 
and the genesis of this class of quartz lode has not yet been satisfactorily 
settled, this case is also not free from objection. The occurrences of 
auriferous pyrite in diorite in Queensland, described by Daintree, are also 
doubtful. In these occurrences veins of auriferous quartz and pyrite are 
found both in eruptive rock and at the contact of such rock with Devonian 
strata, so that a secondary infiltration of pyrite ap])cars very well possible. 
According to Daintree, C. Wilkinson mentions similar occurrences in those 
goldfields of New South Wales which occur in Devonian and Upper Silurian 
beds ; while in the catalogue of the museum in Melbourne where he is 
curator, G. Ulrich describes a specimen of diorite as being auriferous, 
though it is evident from microscopic examination of this specimen 
that it must at the same time have been closely associated with gold- 
quartz veins. According to Schmeisser, north of the mouth of the Rich- 
mond River in Australia a scoraceous auriferous basalt occurs lying upon 
a hard compact variety of the same rock and covered in turn by a 
columnar equivalent. With reference to this occurrence Becfic in his book 
points out that the gold present may have arisen from auriferous sand 
and gravel taken up by the basalt magma in its course. 

With copper, indisputable cases of its occurrence as a magmatic product 
are still more rare. The famous deposits of Lake Superior, those in the 
neighbourhood of Christiania, and those on the Faroe Islands, with all of 
which native copper occurs in basic rock, are as mentioned elsewhere, 
certainly younger than the eruptive rock in which they ai^ found, which 
rock either exercised a reducing effect or conceivably brought about 
precipitation of the copper by means of some electric property. In his 
review of the useful deposits of South Africa, F. W. Voit describes a dyke 
of syenite in crystalline schists in Zululand where hornblende and felspar 
enclose flakes of native copper. A similar deposit, also perhaps free 
from objection, has been stated by Schlenzig to occur in New Guinea, 
where a basic eruptive rock similarly contains flakes of native copper. 

Between the various classes of magmatic deposits which have now 
been differentiated and described there are, as will be seen from the cases 
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mentioned below, a number of chemical connecting-links. Chromium, 
while characteristic of the chromite deposits, also occurs in small quantities 
in many titaniferous-iron ores. Nickel and cobalt, while inseparable 
associates of pyrrhotite in magmatic deposits, occur also in nickel-iron and 
nickeliferous iron ; in addition they appear as accessory constituents 
in the intrusive pyrite deposits and have further been shown to occur in 
some titaniferous-iron ore. Copper, while particularly characteristic of the 
pyrite deposits, is always found likewise in the nickel-pyrrhotite deposits. 
In this connection it is interesting to remember that a low copper content 
has also been established for the nickel-iron of Disko Island and for native 
platinum. Platinum, while occurring chiefly as iron-platinum, is also 
characteristically present in small amounts in nickel-pyrrhotite while in 
addition it has been shown to occur in meteorites, as is also the case 
with chromium. The primary deposits of platinum indeed appear to be 
closely associated with those of chromite. Niccolite and chromite are 
found together in one deposit. 

It is not impossible that other deposits, and perhaps even whole classes 
whose genesis it is now sought to explain in some other way, may in truth 
have arisen by magmatic differentiation. This is more particularly possible 
with deposits which since their formation have sulfcred considerable defor- 
mation so that no proper conception of their original character is any longer 
possible. On the other hand some authorities regard as magmatic segrega- 
tions deposits which we consider were formed otherwise. Both l^eck and 
Bergeat for instance give in their text-books under the term ‘ eruptive 
deposits ’ a cassiterite deposit at Etha Knob in the Black Hills, Dakota, 
where the tinstone occurs with spodumene, apatite, triphylite, columbite, 
tantalite, beryll, etc., in a pegmatitic granite. These minerals are so 
characteristic of the ordinary occurrence of cassiterite that the whole 
occurrence is regarded as having been formed by pneumatolysis at a 
certain stage during the consolidation of the granite. Since therefore 
the processes of pneumatolysis played the essential part the deposit 
cannot be classed with those formed directly by magmatic differentia- 
tion. The circumstances of the cryolite deposits of Ivigtut and those 
of the apatite lodes in the trachyte of Jumilla, Spain, both of which 
deposits Bergeat places with his group of eruptive deposits, are 
similar. Concerning the term ‘ eruptive deposit,’ we consider that this 
is less appropriate than that of ‘ magmatic segregation,’ because as the 
pneumatolytic phenomena arc also undoubtedly of eruptive nature it 
leads to confusion. 



CONTACT-DEPOSITS 

In contra - distinction to the still extensive application of this term 
to cover such deposits as occur along the contact of one rock with another 
of different character, only those deposits, exomorphic or endomorphic, 
will be considered here which occur within the contact aureole surrounding 
a consolidated eruptive mass, and which in space, time, and origin, are 
associated with contact-metamorphism. Tliis definition of these deposits 
has already been elaborated on pp. 35 and 178-180. 

The credit for first properly recognizing the nature and significance 
of contact-deposits belongs to B. von Cotta who concluded his paper Die 
Erzlagerstdtten im Banal und Serbien, published in 1864, with the following 
r6sum4 : “In relation to geological mode of occurrence, to form, and to 
composition, the deposits here described — those of Banat — agree most with 
those of Bogoslowsk in the Urals, and somewhat less with those of Schwar- 
zenberg in the Erzgebirge, Rochlitz in Bohemia, Russkitza on the military 
frontier, Offenbanya in Siebcnbiirgen, Chessy near Lyon, Bio Tinto in 
Spain, those in the Apennines, near Christiania in Norway, and Tunaberg 
in Sweden. All of these may appropriately be placed in a class of contact- 
deposits.” In 1879 a general description of the characteristics of these 
deposits was given by A. von Groddeck in his text-book under the 
‘ Christiania ’ type ; while later in 1895 their characteristics were further 
defined by J. H. L. Vogt.^ Reference may also be made to the works of 
Th. Kjerulf and B. Lotti, mentioned below, and to the ^recent article 
upon contact-metamorphic deposits by 0. Stutzer.^ 

Though in the United States this group of deposits was late in 
becoming recognized, excellent works upon it by American authorities, 
have appeared in recent years. Among these works the following may 
be mentioned : 

W. Lindqren. ‘ The Character and Genesis of certain Contact- Deposits ’ in ‘ Ore- 
Deposits/ reprinted from Vols. XXX. and XXXT. Am. Inst. Min. Eng , 1902 ; ‘ The 

1 Zeit. f. prakt. Oeol, 1895, p. 460 
* Ibid., 1909. 
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Copper Deposits of the Clifton-Morenoi District, Arizona,’ U.S.G.S. Prof. Paper 43, 1906. — 
W. H. Weed. ‘ Ore Deposits near Igneous Contacts,’ Am. Inst. Min. Eng., October, 1902. 
— J. Barbell. Geology of the Marysville District, Montana,’ U.S.G.S. Prof. Paper 67 
1907. — J. F. Kemp. ‘ Ore Deposits at the Contacts of Intrusive Rocks and Limestone, etc.,’ 
Econ. Gcol. II., 1907. — Van Hise. ‘A Treatise on MetamorphLsm,’ U.S.G.S. Monograph 
47, 1904. 

• 

Rocks as the result of contact-metamorphism undergo in many cases 
a recrystalhzation without any addition or loss of material, except water 
and carbonic acid which are expelled. In other cases, and especi- 
ally within the inner zones of the contact aureole adjoining the eruptive 
rock, an addition or a loss of material may often be observed. For instance 
by the addition of SiO,, and the expulsion of CO2 from simple limestone, 
wollastonite may be formed, and from dolomite the mineral diopside. 
Similarly, garnet, augite, hornblende, epidote, scapolite, etc., may arise 
by increment of new material. 

The re-formation of minerals, especially that occurring along fractures 
or divisional planes, often results from metasomatic processes. With con- 
tact-metamorphic recrystalhzation, a ‘contact-metasomatis’ may therefore 
be discriminated, this term having been suggested by Barrell. In many 
cases the increment of material consists of ore and particularly of iron 
ore. In this connection, just as the terms garnetization, tourmalinization, 
axinitization, and silicification, are recognized as appropriate in their 
place, so in cases where iron is introduced the term ferrification appears 
applicable. 

Speaking generally, contact-metamorphism is regarded essentially 
as resulting from the saturation of rocks with the highly heated vapours 
escaping from a magma, among which vapours that of water plays an 
important part. Contact-deposits arising therefrom are more frequently 
found in connection with plutonic rocks, and less often and less extensively 
with dykes and sheets. Among the plutonic rocks again it is particularly 
the acid and intermediate members such as granite, syenite, diorite, etc., 
which provide ore-deposits within their contact aureole ; with plutonic 
rocks of basic^character such deposits are much more seldom. This more 
frequent association of contact-deposits with acid and intermediate rocks 
is generally held to be because those rock-magmas carry a larger quantity 
of magmatic water than do the basic equivalents. 

In but few cases are contact-deposits found in sandstone, grauwacke, 
or slate ; most of them occur in more or less impure hmestonc, an association 
explained by the greater ease with which limestone succumbs to chemical 
attack. Contact ores consequently are usually found accompanied by 
those minerals which are characteristic of the transformation of impure 
limestone, namely by grossularite or lime-alumina garnet, by andradite 
or lime-iron garnet, by diopside-pyroxenes, by wollastonite, hornblende, 
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biotite, epidote, vesuvianite, scapolite, calcite, spinel, etc. With these, 
some quartz is often associated and occasionally some fluorite, tourmaline, 
axinite, as well as other fluorine- or boron minerals, such for example as 
datolite, danburite, and ludwigite (3MgO, B 2 O 3 , Re.^O^). At Elba and at 
Kupferberg in Silesia the mineral lievrite also occurs. Finally as a great 
rarity helvite, a sulphide-silicate, is found. The great similarity of these 
contact minerals with those found occurring in the celebrated blocks upon 
Monte Somma, Vesuvius, must here be remarked. 

The most important contact ores in the order of importance are : 
magnetite, specularite, pyrite, the sulphide ores of copper, zinc, lead, etc. ; 
various compounds of arsenic, bismuth, silver, etc. ; and metallic gold. 

Contact-deposits either occur ‘ immediate,’ that is at the contact of 
the eruptive rock with the country-rock, or within portions of the country- 
rock surrounded by the eruptive ; or they are ‘ collateral,’ that is they 
occur within the contact aureole but at some distance from the eruptive. 
In many cases, as illustrated in Figs. 48 and 49, they appear as beds 
or masses conformably interbedded. Often too the ore itself is streaked 
or banded as in Fig. 122, an appearance probably due to the preference 
with which the mineral solutions attacked those layers, those for instance 
of limestone, wherein the change was most readily effected. In other cases 
the alteration proceeding along fissures would form lode-like ore-bodies 
within the contact aureole. Sometimes, as illustrated in Fig. 50, both 
forms of deposit, the conformably-bedded on the one hand and the lodes 
on the other, occurred together in one place. 

These deposits, genetically dependent upon the actual mechanical 
intrusion of the magma as well as upon the material derivable from it, 
must be distinguished from those other deposits which subsequent to their 
formation have become altered by contact with an eruptive rock. Were 
a pre-existing bed, for instance a sedimentary or metasoniatic sphalerite 
or hmouite deposit, included within a complex which suffered intrusion 
by an eruptive magma so that this bed lay in the aureole, it would become 
changed, without any material addition from the magma. In the case of 
the two ores mentioned the alteration would be to magnetite with the usual 
accompaniment of contact minerals. Busz^ has described the alteration of 
sphalerite to magnetite along a basalt dyke in the Louise mine, Siegerland. 
According to F. Klockmann ^ occurrences of such iron deposits as have 
been altered by contact-metamorphism subsequent to their formation, occur 
for example where the Devonian formation in the Oberharz with its already 
existing haematite beds, was intruded by Carboniferous granite ; at Angers 
in Brittany also,^ near Cala in the Sierra Morena, and at Cclleiro in the 

^ Zentralbl. f Min., 1901. * Zeit. f. prakt. Geol., 1904, IH. 3. 

® Ch. Barrois, Ann. de la Hoc. Oeol. du Nord, 1886, XII. 
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Asturias. The occurrence at Gala however, though regarded by Klockmann 
as one where subsequent alteration by contact-metamorphism took place, 
is regarded by Schmidt and Preiswerk ^ as an original deposit of material 
within the contacjt aureole of a small granite mass. Klockmann moreover, 
basing his views mainly ypon the examples mentioned above, asserts in 
the article cited that all deposits which have so far been considered as 
forming the group of contact-deposits are but pre-existing deposits cnltered 
by contact-metamorphism; and that consequently no separate increment 
of ore from the magma took place. 

This view appears to be erroneous if only because in many districts, 
for instance that of Christiania, the ore-deposits occur exclusively in the 
contact aureole of the eruptive rock. With such occurrences the formation 
of the ore is in regular relation to contact-metamorphisni and genetically 
is quite distinct from the contact-metamorphism of pre-existing deposits. 
Kemp, as an argument pointing to the introduction of new material with 
contact-deposits, recently called attention to the fact that the garnet 
which accompanies contact ores is in places the iron garnet, andradite or 
aplome, Ca^Fc.,8i,jOj,„ the iron content of which cannot have been derived 
from the limestones as these are poor in iron. 

Again in the immediate neighbourhood of the contact-deposits the 
ordinary strata are usually intensely metamorphosed and often contain 
quite large crystal-individuals of the contact minerals, expressive of the 
high degree of contact-metamorphism they have suffered. This extra 
degree, termed by Vogt jpotenzierle K(m(ali metamorphose or ‘ contact- 
super metamorphisin,’ is doubtless explained in that the vapours issuing 
from the magma were particularly plentifully introduced into the beds 
occupying this ])osition. 

Contact-deposits are often found traversed by dykes, aschist, and dia- 
schist, of the particular eruptive rock concerned. From this, supplemented 
by the fact that the ore-deposition in many localities, as for example at 
Christiania, took place not in the eruptive but exclusively in the country- 
rock, the conc^ision may be drawn that the ore was deposited before the 
consolidation of the eruptive. In other cases, as for instance in the 
formation of tin lodes, deposition of ore continued after the crustal consoli- 
dation of the molten intrusion. Further, among contact-deposits a number 
of very important occurrences are included, not only of iron but also of 
copper, zinc, lead, etc., and indeed even of bismuth. Since the beds of the 
country-rock contained originally none or but minimal quantities of these 
last-named heavy metals, the content of such deposits must be derived 
from the magma itself and in the following manner. The vapours and 
solutions issuing from the magma laden with combinations of these heavy 
^ Zeit. f. prakt. Oeol> 1904, p. 230. 
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metals, entered under pressure the solid country-rock where under conditions 
of super-metamorphism the ore was deposited. It must be taken into con- 
sideration however that in this process the vapours would at times attack 
the country-rock and extract certain of its constituents. It is reasonable 
to suppose that in this manner silica has often undergone solution, and 
that in the alteration of limestone towollastonite or of dolomite to diopside, 
the silica introduced has in many cases not been derived from the magma 
but from the neighbouring slates or schists. 

With some contact-deposits more stages than one in the ore formation 
may be observed. Before the consolidation of the eruptive rock and in 
the early stages of that consolidation the ordinary contact-deposits were 
formed, and later the different lodes, which latter are to be regarded as 
an immediate consequence of the eruptive activity. 

The juxtaposition of contact-deposits and magmatic segregations in 
any natural system of classification and the close relationship between 
these two groups in general, are points which arise from the fact that they 
both take their metal content direct from the magma. The physical and 
chemical processes operative in the two cases are however widely different. 
On the other hand the relationship of contact -deposits to the tin 
lodes is unmistakable. The formation of the tin lodes associated with 
granite and that of the contact-deposits so often occurring in close con- 
nection with granite, are both to be regarded as eruptive effects, in so far 
that the ore deposited in each case was directly derived from the magma. 
Since however the associated minerals in one case differ essentially from 
those in the other, the chemical processes which were operative 
must again have been quite different. As will be discussed later, in the 
formation of tin lodes the fluorides play a decisive part. In the contact- 
deposits on the other hand fluorite is but seldom met. In these latter, 
scapolite with a small chlorine content is more often found, though in very 
small amount. The halogens accordingly took part not infrequently in 
the formation of contact -deposits, though their amount being so small 
they cannot generally speaking be taken to have had any material influence 
upon the mineralization. The heavy metals, such as iron, copper, etc., 
were therefore certainly not present in the vapours combined with the 
halogens. The form in which they occurred has not been established, 
perhaps in part it was as carbonates with water. 

With some deposits associated with granite, as for instance at Pit- 
karanta in Finland and Schwarzenberg in Saxony, contact -deposits 
containing magnetite and various contact minerals on one side, and occur- 
rences of cassiteritewith its companion minerals on the other, occur together 
in one place. From this the inference may be drawn that under certain 
conditions both classes of pneumatolytic or pneumatohydatogenetic pheno- 
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mena can pursue their course independently yet in time and space iTiorc or 
less together. 

The minerals pi’esent in contact-deposits are not always entirely 
the same but may occasionally vary. Apart from the ore which usually 
exceeds all the other minerals in amount, garnet, augite, and hornblende 
are the most frequent, while epidote and wollastonite are more seldom. 
In some cases however these two latter minerals equal the other silicates in 
amount, while certain deposits, among them being that at (^ampiglia Marit- 
tima in Italy, ^ contain lievrite, different pyroxenes, quartz, calcite, fluorite, 
and epidote, but no garnet. These differences according to Bergeat may 
perhaps be referable partly at least to the temperature obtaining at the 
time of formation. Those deposits which were formed immediately at 
the contact with the intrusive rock are particularly distinguished by garnet, 
pyroxene, and hornblende, while those farther removed more particularly 
contain the hydrous silicates, epidote, and lievrite, the formatioji of which 
probably does not necessitate so high a temperature. Wollastonite^ as is 
well known ^ plays the part of a geological thermometer, since its formation 
at a pressure of one atmosphere is only possible below a temperature of 
1180“, a limit which under greater pressures is doubtless raised. In general 
it may be taken that the contact-deposits were formed at temperatures 
above the critical temperature of water, 375° C. 

Sedimentary rocks which have suffered contact-metamorphism, even 
those situated in the immediate vicinity of the intrusive mass, still j)laiidy 
show their original bedding so that in spite of the nearness of the molten 
magma, the temperature operative has not been high enough to fuse 
these rocks. 

Bergeat ^ in the year 1909 suggested ‘ apomagmatic ’ and ‘ peri- 
niagmatic ’ as qualifying terms, the first for ores and minerals whose heavy- 
metal (lOTitent was extracted, no matter how, or issued from a magma and 
was deposited at a distance, while the second was for such deposits as settled 
in the immediate vicinity of the intrusive mass. To the first class would 
belong in our oj3inion not oidy the contact-deposits as here defined as well 
as the cassiterite and apatite lodes, but also a whole number of other occur- 
rences, as for instance those of quicksilver and many of gold, silver, lead, 
copper, etc. 

The iron deposits occurring in the fundamental rocks at Arendal in 
Norway, and at Persberg, Dannemora, etc., in Middle Sweden, have in rela- 
tion to their genesis been variously regarded by difierent authorities. 
Those of Arendal according to Vogt are contact-deposits and under that 
heading they will here be described, while those of Middle Sweden, though 

^ Bergeat, Neues Jahrb, f. Min.y 1909. 

^ Allen and White, A771. Jour. Sc. XXL, 1906. 

VOL. I 


^ Loc, cit. 

2 A 



354 


ORE-DEPOSITS 


in reality they may include deposits of various genesis, will be treated in 
the annex to this section. 

Among contact-deposits the oxide deposits, such as those of magnetite 
and specularite, may be dilferentiated from the sulphide deposits or those 
containing iron, copper, zinc, and lead, though this division is by no means 
sharp. While in some contact areas, as for instance in Elba, in the Spring 
district of Utah, etc., the deposits are almost exclusively of oxide-iron ore, 
and in others, as for instance in Arizona, they are chiefly sulphide ores 
of copper, etc., nevertheless in many cases, as for instance at Christiania, 
in the Banat, and in the Urals, both classes of ore occur so intergrown 
that in one and the same district some mines are worked for iron while 
others are worked for copper, zinc, and even for bismuth. 

Some contact -deposits attain very considerable dimensions. The 
copper occurrences in Arizona for instance, which according to Lindgren 
belong to this class, are among the most important copper deposits in the 
world. The iron deposits of the Urals which are equally of contact-meta- 
morphic origin are likewise very important. 


OXIDE CONTACT-DEPOSITS 

The iron deposits of this class wherever they occur are, so far as 
present experience goes, distinguished by an almost complete absence 
of titanic acid and generally by the smallness of the amount of 
manganese present. On the other hand the amounts of [)yrite and 
of sulphur may be considerable. Apatite usually only occurs in traces, 
though exceptionally, as in the Urals, it may be more plentiful. In the 
Spring district, Utah, the phosphorus content of the iron ore varies between 
0-05 and 3-18 per cent with an average of 0-2 per cent. 


Christiania District 
LITERATURE 

Th. Kjerulf. Die Gcologie des siidlichon Norwegens. German translation by A. 
Gurlt. Bonn, 1880. — J. H. L. Vogt. Norske Krtsforekomster, I., 1884; Archiv f. 
Math, og Naturv., IX. ; Geol. Fbren. Forh. XITl., 1891, pp. 687-735; Norw. geol. Landes- 
unters., No. 6, 1892; Zeit. f. prakt. Geol., 1894, p. 177; 1895, p. 154; Problems in the 
Geology of Ore-Deposits, Vols. XXX. and XXXI; Amor. Inst. Min. Eng., 1902. 

The post-Silurian and most probably Devonian granite and nordmarkite 
of this district, particularly where they abut upon beds of Silurian age, are, 
as shown in Fig. 147, surrounded by a number of contact-deposits. The 
geology of these intrusive rocks has been exhaustively studied by W. C. 
Brogger, who used the term ‘ nordmarkite ' for a sodium-quartz-syenite. 
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These contact -deposits are essentially of iron ore, magnetite in 
the first place but also specularite. In some cases however 
they contain either sphalerite, galena, chalcopyrite, or bismuthinite, 
or a mixture of all of these. More than one hundred small iron 
mines have been worked here at various times though all are now 
almost completely stopped. Latterly important deposits of sphalerite, 



Fjo. 227. -Plan ol a .small prospect Fru. 228. — Section of the Narverud iron mine 

at Svenskeslvjarpet neat’ Skreia Vo^d. in the neighbourhoml of Drammen. Vogt. 

or sphalerite and galena, have been discovered near Hakedal, north of 
Christiania, and others of bismuthinite near Kjenner, east of that town. 
Concerning the position of these various deposits relative to the granite 
and nordmarkite, Vogt in 1891 gave the following figures. Of 108 different 
mines and prospects 17, equivalent to sixteen per cent, occurred in areas of 
Silurian beds completely surrounded by granite, such areas, as illustrated 



Fro. 229. — Geological position at the Nyherg iron mine neai Skieia, .showing the deposit 
traver.sed by dykes ot granite or <piarfz-j)orphyry. \'ogt. 

in Fig. 227, generally being small ; 22, or twenty per cent, occurred either 
immediately at the contact of the granite with the sediments or within a 
distance of 20 m. from it, as illustrated in Fig. 228 ; 48, or forty-four per 
cent, were found farther away, generally 50-250 m. from the contact 
though exceptionally as much as 1500 m. ; while the remainder, or twenty 
per cent, were found near the intrusive rocks in the fundamental schists or 
in the pre-granite sheets of porphyry close to the granite or nordmarkite. 

Within the contact aureole the deposits are distributed over a number 
of horizons in the Silurian beds, though outside of this aureole, apart from 
one or two unimportant occurrences near other eruptive rocks, they are 
completely wanting. The deposits here cannot therefore be regarded as 
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metamorphosed pre-existing deposits, but must be held genetically to 
stand in the closest relation to the granite and nordmarkite intrusions. 
Keilhau as far back as in the ’thirties made this observation, though he 
regarded the granite as an alteration product of the Silurian beds. The 
deposits never occur actually in the granite nor in the nordmarkite but, 
apart from occasional occurrences in the old porphyry sheets, exclusively 
in the neighbouring Silurian beds. Even the smallest patch of these 
Silurian sediments found surrounded by granite often contains consider- 
able quantities of such ore. The ore derived from these intrusive rocks, 
whether of iron, zinc, lead, or bismuth, was deposited while the intrusive 
was still in a magmatic condition. 


The Banat in Southern Hungary 
LrrERATURE 

B. VON' (!otta. Erzlagcrstatt('n iin Banat un<l iScrl)ion. Vienna, 1804. — (1. Mauka. 
‘ Einigc Noti/on u her dan Banater (Jobirge,’ .Jahrb. d, k. k. geol. ReiehsatiHtalt, Vol. XIX., 
1800. — Castki.. ‘ Me moires sur le.s mines du Banat,’ Ann. des mines, 0* ser., XVI, 
1800. —E. Hdkss. Zukunft des Goldes, 1877, p. 258; Antlitz der Krde, Vol. 1., 1885, 
p. 210. — J. SzvHO. Foldt. Kozl. V^l., 187(). — li.r. S.naiREN. ‘ Beitrag zur Kenntnis der 
Erzkvgerstatton von Moravieza und Dognaeska im Banat,’ Jahrb. d k. k. geol. Ucielis- 
anstalt, XXXVT., 1880. Also in (Jeol. Fdren. Forh. VII., 1885 —.1. 1Iai.\v(t.s. ‘ Bcrielit 
liber die in don Jahren 1887-1800 in Budungarn beworkstelUgten Detailaufnahmon,’ Jahrb. 
d. Ungar. gool, Anstalt. -P. Ro/j.oz.smk und Koi.oman Ehn.szt. ‘Boitrago zur genaiu'ren 
petrographisohcn und ohcniisehen Kenntnis <ler Banatite des Koniitats Krasso-Szoreny,’ 
Jahrb. d. Ungar. gcol. An.stalt, Vol. XVI. Pt. 4. p. 100. 

In the western portion of the Krassd-Szih-enyer district, that is the 
Banat, x\Iesozoic sediments belongijig in general to the Jurassic and the 
Cretaceous formations are found lying upon what are perhaps Archaean 
mica-schists and gneisses. The younger sediments, forming synclines 
long extended in a north-south direction, are ruptured by a powerful 
zone of disturbance which can be followed ap])roximateiy in the one 
direction for more than 100 km. It is supposed that along this zone 
during the Upper Cretaceous period considerable masses of eruptive rock 
made their exit whereat the calcareous beds became nletamorphosed, 
with the deposition of ore, which occurred })artly at the contact itself 
and partly at points more or less removed therefrom. Three limestone 
occurrences here enclose most of the deposits, namely those at Vasko- 
Dognteka, at Oravicza-Cziklova, and at Szaszka-Moldava. 

The eruptive rock is of an intermediate type and petrographically 
to be regarded as coming between the orthoclase and plagioclase rocks. 
By von Cotta it was named ‘ banatite.’ Previously some portions 
had been variously described as syenite and syenite - porphyry, and 
others as quartz-diorite, quartz-trachyte, and andesite. According to 
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recent investigation by Rozlozsnik and Kolonian, these rocks include 
quartz-dioritc, quartz-diorite-porpliyrite, granodioiite-aplite, quartzose 
biotite-ainphibole-aiigite-diorite, gabbro-diorite, quartzose syenite-diorite, 
and gabbro-diorite-aplite, all these making together a grano-dioritic series. 
With the plagioclase some orthoclase almost always occurs. The com- 
parative richness of these rocks in iron is worthy of remark, especially as 
this richness probably stands in causative connection with the iron deposits. 
These rocks also always contain titanitc, though ilmenite is practically 
absent. 

Hungarian geologists agree that the facts available point to the con- 
clusion that the above-mentioned eruptive rocks belong to the end of the 
Cretaceous period. With their intrusion an eruptive cycle began in 
Hungary in the course of which during almost the whole of the Tertiary 
period, andesite, dacite, rhyolite, and basalt, were forced to the surface. 
Where the eruptives broke through the Tithonian limestone they altered 
that rock to marble^ With increasing distance from the eru})tiv(i this 
alteration became less and less pronounced till finally the limestone 
remained unaltered. Tn this unaltered limestone, Jiot far from the 
contact with the eruj)tive, Halavats found Jicrines and corals from the 
presence of which he was able to rectify the wrong conception as to the 
age of this limestone which had previously been held. 

The ore occurring in the contact aureole and consisting chieHy of mag- 
netite with some specularitc, is accompanied by the usual contact minerals, 
such for instance as garnet, w^ollastonite, vesuvianito, mica, tremolitc, 
actinolite, augite, epidotc, quartz, etc., and less often by lluorite, 
richterite, hidwigite, and others. The ore of Vaskb on an average 
contains some 55 p(‘,r cent of iron, 0*5 -1-75 MiiO, 0-10--0-20 P.,0,, 0'05-- 
0-2 S ; often also some copp(*-r, but no titanic acid. In the southern 
portion of this extent of eruptive rock, sulphides of copper, lead, and zinc 
occur which occasionally carry some gold, while in addition the presence of 
orpiment and realgar is noteworthy. The ore-bodies, which are generally 
in the form of chambers or masses, often attain considerable width which in 
places may reach to 80 m. and more, besides which, veins of pure magnetite 
are occasionally seen to extend right into the surrounding limestone. They 
are illustrated in Fig. 48. The genesis of these deposits was in the main 
properly understood by von Cotta as far back as the ’sixties. In 1885- 
1886 however his conclusions were questioned by Hj. Sjiigren who regarded 
the ores as sediments and the limestones as members of the Archaean for- 
mation. 

The most important mining towns of this district are Bogsan, Vask5 or 
Moravicza,Dogndcska,Oravicza,Szaszka,Cziklova,and Uj-Moldava or Neu- 
Moldava, these places being distributed in a north-south direction between 
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the river Temes and the Danube. The mining industry thus centred is 
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Fid. 230, — Geological map of the Jlanat contact-depo.sits, 
taken from the geological map of Hungary. 
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an ancient one having been begun in the time of the Romans ; Tacitus 
even, in his time, described the mines of Neu-Moldava. While however 
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operations formerly were directed chiefly to the winning of the sulphide 
ores, especially the copper ores of Dogndcska, Oravicza, and Szaszka, the 
lead ores of Dognacska, and the cupriferous and plumbiferoiis pyrite 
masses of Moldava, operations to-day are almost confined to the winning 
of iron ore in the northern portion of the district where near Vasko the 
deposits of such ore are of some importance. From 13,000 tons in the 
year 1857 and 18,000 in 1865, the yearly output from these deposits 
has risen to 120,000-150,000 tons at the present, to which must be added 
approximately 1000 tons of pyrite concentrate. In addition, a nhneralogi- 
cally very interesting occurrence of orpiment and realgar, accompanied by 
fluorspar, is exploited at Neu-Moldava. 

Ed. von Suess pointed out that the Krassd-Szor6nyer fracture zone 
extends southwards across the Danube into Servia and northwards beyond 
the river Maros west of the Siebenburgen mining district. Along both of 
these extensions it is associated with similar occurrences of ore, among 
which Eezbanya in the Bihar county immediately at the Siebenburgen 
frontier, is the best known. ^ Probably the copper deposit of Maidanpek 
in Servia, formerly worked by the Romans, belongs also to the group of 
contact-deposits now being described. Von Cotta in 1864 ^ called attention 
to the analogy of these occurrences with those of the Banat. Pyrite, some 
chalcopyrite, galena, sphalerite, and magnetite, with generally less than 
1 *0 per cent of copper, occur in irregular masses or bunches at the contact 
between andesitic rock and crystalline schists which farther to the north 
are covered by Upper Cretaceous limestone. The oxidation and cementa- 
tion zones with 6-10 per cent of copper were considerably richer.® 

The 5 mungeT eruptive rocks, })rincipally andesite, which in Siebenburgen 
are associated mth gold- and tellurium-gold lodes, are occasionally also 
accompanied by contact-deposits, as for instance at Oflenbanya, illustrated 
in Fig. 49, and at Remez where diasporite occurs in one place in close 
connection with marble, as the result ot contact-metamorphism. In both 
these cases young eruptive rocks are found in the immediate vicinity. It 
is however pertinent to remark that diasporite, consisting almost ex- 
clusively of the mineral diaspora, is in general of metasomatic formation. 

1 F. Po'^epiiy, ‘Genesis of Ore Deposits/ Trans. Amer. Ind. Min. Eng. XXX., 1901, 
pp. 98-101. 

^ Erzla^ersldtien iin Banat und Serbien, 1864, 

® F. Hoffmah, ‘Siir Maidanpek/ Ann des mines, Belgrade, I., 1892. 
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Contact -Deposits in the Urals 
LITERATURE 

For VVyssokaia-(jlora, Cora Jilagodat, and Mednorudiansk. 

G. Rose. Mineralogiseh-gcognostischc Reiso nach cfcm Ural, Altai, iiiid Kaspischen 
Mcero, 18117, Vol. L, p. 1102. — P. l^RifMEEW. ‘ Los Minerals d(5 for dans les districts miniors 
do la chaino do TOural,’ Jour, dc.s minos, 1859, 11., p. 313. — N. Jakovj.ev. ‘ Es(pjisse 
goologiqiK! do la region motalliforo doa syonitos dans le district do Nizne-Tagdsk,’ Bull. 
Com. Gool. Vol. XXV., No. 122, 1900. — E. Loewinson-Lessino. Mittoilungon aus 
dem Min. Laboratonum dos Polytochnikums in St. Potorsburg, 1900, Vol 1., and 1907, Vol. 
VII 1. — H. M ELLER Uebor don Magnotborg Cora Blagodat, Borg- u. Iliittonm. Zoitg., 
18()0, p. 54. — A. Kahfinsky. A])orgu dos richossos minoralos do la Russk^ d’Euro])o, 1878. 
— .louANSoN. Jornkontorots Annalor, 1894.- S. Cz\ szkovvski. Los Vonuos niotalliferes 
do rOural. Paris, 1890.--'rH. 'rs(UiERTSLS(;HE\v. Guido dos excursions du VIP congr^s 
goolog. intornat. St-Petorsbourg, 1897, Pt. IX. — A. G. Hogbom. ‘Om do vid syouitborgai'lcr 
bundna jornmalmorma i Oslra Ural,’ Geol. Eoron. Forh. XX., Stockholm, 1898. —R. Beck. 
‘ Bio Exkursion d<‘s Vll. lidcrnationalon Goologonkongrossos nach dom Ural,’ Zed. f. prakt. 
Gcul., 1898, p. 25. 

The Archsean core of the Ural mountains followinc; the 30th meridian 
east of St. Petersberg, is flanked to the east by a contorted com})lex of very 
varied eru])tive rocks and tuffs of late Pala30Zoic age, between whicfi, small 
bands cluehy of Devonian limestone arc found, these in places being altered 
to marble. This eruptive chain is formed of porphyry and por])hyrite with 
syenite and gabbro. Associated with the latter is serpentine, and with 
this again, chromite, platinum, and gold. In the Middle Urals especially, 
and here again more particularly in the neiglibourhood of the railway 
which from Perm after climbing the Urals leads southwards over Nischni- 
Tagilsk to Ekaterinburg, rich and famous deposits of iron and cop})er occur 
at the contact of the above-mentioned eruptive rocks wdth the Palsoozoic 
limestones. Among the numerous deposits of iron ore to be found there, 
that of Cfora Blagodat or Holy Hill near Kuschwa and that of Wyssokaia- 
Gora or High Hill near Nischni-Tagilsk, are the most famous. These two, 
the first the property of the Crown and the second that of Prince Demidow, 
form the centre of the iron-industry in the Urals. As indicated in Fig. 
150, immediately to the south-east of Wyssokaia the famoii,s copper mine 
Mediiorudiansk is found, while farther to the north in addition to numerous 
analogous deposits, are the important occurrences at Katschkanar and 
near Bogoslowsk, of which the former are worked for iron and the latter 
for copper. 

Tschernischcw and other Russian and German authorities regard 
these deposits as magmatic segregations, a view which for reasons more 
closely discussed below we cannot endorse. As representative of the 
most important of these deposits those occurring in the neighbourhood of 
Nischni-Tagilsk and Kuschwa may be more closely considered. 

(a) Wyssokaia-Gora. — The eruptive tock, to the contact with which 
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we consider the ore formation is to be ascribed and of which tlie hill itself 
is composed, is by its h olociy stall in e structure and composition a very 
variable syenite, chiefly au<:^ite-syenite, while the bands and patches of 



LiiiK'stoiic Tiitraiid I’oipliyiv Sy»'mtc. Ma^iicUlo 
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Ft(J. 281. — (Jeolo^^ual iiia}> of the Nijin'- - Taguilsk tlistnet iiu’linliiig Wyssokaia - Clora, 
Mf‘(luoni(liaiisk, etc., and .shoeing the inagnelite iniiies. Scale, 1 : 112,000. Tli. TM-lieniiscliew, 
(Juit/e des excnrsKins d It VI (^n/n/iPs (jwl. inlrnt. St-Pefer.sfiuurt/, 1807, No. IX. p. 8. 

1, Nijiie-T.igiiil.-,ky , 11 . Nnwiaiisky, III, Alapaieswky . IV, Wei kli-Isset'^ky , 

V, Smiksoniisky , \ I, ReiKlinsky. 

■% 

compact rock which occur within its mass represent streaked segregations. 
With this syenite, (£uartz-free orthoclase-porphyry alternates, w^hich like 
the syenite consists chiefly of felspar and subordinately of augite and 
biotite, the felspar being generally represented by microcline and albite. 
Magnetite also is in places often seen. 
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The Devonian beds broken by these eruptives consist of alternating 
limestone, tuff, altered slate, and finally intercalated porphyrite 
sheets, the black porphyry of the Lyssaia. The limestone, of which 
there are six horizons and of which the youngest according to Jakowleff 
contains Stringocephalus Burtini, is in greater ^part altered to a garnet- 
epidote rock. Hogbom believes there is evidence that the porphyry and 
syenite in places have also been converted into the same rock, in the com- 
position of which according to Loewinson-Lessing, garnet, epidote, chlorite, 
calcite, and magnetite, take part. 

The large magnetite masses of Wyssokaia, though gradual transition 
from ore to country-rock may occasionally be observed, usually form 

sharply - bounded and distinctly bed- 
like masses having sometimes the 
orthoclase porphyry for country-rock 
and sometimes the garnet -epidote, 
while generally speaking they dip to 
the south-east or to the east. To 
the south the limestone in which the 
copper deposit at Mednorudiansk is 
contained, extends to the occurrence 
of magnetite. Displacement of the 
ore-bodies by faulting subsequently to 
their formation can be observed in 
more places than one. At their borders 
the felspathic rocks are kaolinized and occasionally include large blocks 
of magnetite. 

The garnet-epidote rock is generally regarded as a product of contact- 
metamorphism. Loewinson-Lessing accepts this genesis also for the ore- 
deposits, a view which Jakowleff endorses, at least for a portion of the ore. 
Beck ^ differentiates here both magmatic and contact-metamorphic ores 
and takes the view that magmatic differentiation and contact-meta- 
morphism proceeded simultaneously. I 

It is conceded that the genesis of these deposits has not yet been 
satisfactorily solved, but the fact remains that all those recorded observa- 
tions of different authorities to which no objection may be taken, may 
only be explained by contact-metamorphism. The ore is pure containing 
about 65 per cent of iron, a low percentage of manganese and phosphoric 
acid, and often sulphur. All these features are characteristic of contact- 
metamorphic iron ore. The average composition is as follows : 
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Kkj. 232. — Geological map of a portion 
of Wyssokaia-Gora. Th. 'iVllerni^5c]lew. 
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Mining operations which began at the commencement of the eighteenth 
century, now keep about twelve blast-furnaces supplied with ore. During 
the ’nineties about 100,000 tons of iron were produced yearly. 

(6) Gora Blagodai . — Two kilometres from Kuschwa, the centre of the 
Imperial iron and steel industry, the famous hill of Gora Blagodat rises 
from its flat surroundings to a height of 1154 feet above the sea and 500 
feet above the neighbouring service-reservoir, as an extended elevation 
facing north-east. This hill consists of different rocks ; to the west and 
north, of garnet-cpidotc rock ; on the top and to the east, of orthoclase- 
porphyry, syenite, and magnetite. The magnetite, that is the ore, disappears 
as soon as the garnet-rock found in the foot-w^all is entered, the two forma- 
tions mutually excluding one another. On the other hand the ore forms 
regular, well-defined beds apparently conformable to the orthoclase- 
porphyiy, so that the appearance of regular and conformable alter- 
nations of ore and eruptive rock is presented. A remarkable feature is*^ 
described by Tschernischew who states that almost everywhere the 
boundaries of the garnet -epidote rock, whether against orthoclase- 
porphyry, syenite, or ore, follow tectonic planes or faults, so that its 
normal bedding-relations are nowhere available for observation. This 
garnet-epidote rock however, it is considered, can only be regarded as a 
limestone altered by coiitact-metamorphism. Tlie question whether in 
the place of the present beds of magnetite some other rock formerly 
separated the sheets of syenite-porphyry, has so far not been determined 
or been possible of determination, though the occasional occuriMnice of 
small white p|,tches of calcareous material within the ore points to such 
a possibility. 

Evidences of the mechanical action of orogenic forces are not only 
discernible in the above-mentioned boundary faults but also in the folding 
which has raised the magnetite beds together with the eruptive masses 
alternating with them, into an anticline striking north-south, as illustrated 
in Fig. 234. These same forces also have left their impress in detail in the 
shearing, kneading, bending, and breaking of crystals, observable in the 
ore as well as in the eruptive rock. Of the faults two different systems 
may be distinguished, an older one striking S.S.E. and N.N.W., and a 
younger one maintaining an east- west direction. Since the fissures of 
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these faults are filled with breccia and lined with polished surfaces of 
magnetite these faults are obviously younger -than the ore. 

While in general the separation of the ore from the red eruptive rock 
is definite and observable even from a distance, it is occasionally the case 
that by increase in the amount of felspar prest^nt a gradual passage from 
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Fkj. 233. — Geological iiia]) of the Gora Hlagodat distiict. i’li, Tschenuschew. 


ore to a felspathic rock free from ore is presented. This circumstance 
doubtless suggested the idea of magmatic origin for the ore concerned. 
Loewinson-Lessing as the result of his investigation came to the conclusion 
that the ore found intergrown with augite and felspar is younger than 
those minerals, though it is true he ascribes it to a magnetite magma. Beck 
on the other hand ^ regarded the loose aggregates and individual crystals 
of augite and felspar as the early-crystallizing constituents from a magma 

^ Lov. cil. 
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of which the magnetite components, after corroding the earlier crystals, 
were the last to consolidate. We consider however that the ore which 
Loewinson-Lcssing admitted to be younger has the same g(mesis as the 
garnet-epidote rock, and this Beck regarded as a true contact })roduct, a 
view which is strengthened by the occurrence of garnet crystals in the 
cavities of the ore. The* corrosion of the silicates woidd be caused by 





the same mineral solutions as those to which the ore, chiefly to be considered 
as replacing limestone, owes its existence. 

The large opcncut workings occupy the summit as well as the western 
slope of the hill. The ore is contaminated by silicates and especially 
by aiigitc, felspar, and chlorite, so that it contains on an average but 55 
per cent of iron, or less than that of Wyssokaia-Dora. Two classes of mag- 
netite arc distinguished, a so-called red ore and a blue ore, the latter 
rendered impure by small scales of chlorite. At the outcrop the ore has 
been rendered porous and easy to smelt, by the weathering of the chlorite. 
In depth the blue ore is gradually giving way to red ore. D. J. Mendele- 
jeff gives the following analysis which may be regarded as representative : 
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This ore therefore in regarddo the substances present other than iron, 
is of medium quality. Like almost all contact ore it contains little man- 
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ganese but some sulphur. The relatively high percentage of phosphorus 
is however remarkable, since such is not often observed with contact iron 
ores. 

The deposits have been worked since the first half of last century. 
During the second half they produced 15,000-20,000 tons yearly, 
while at the present time the production is about 70,000 tons. From 
1813 to 1898, 2-75 million tons altogether were won. The resources in 1890 
were reckoned at 15 million tons and in 1891 by H. Urbanowitsch at 5 
million tons, though they will probably prove to be higher than this latter 
figure.^ 


The Iron Deposit of Magnitnaia Gora 
LITERATURE 

J. Morozewicz. ‘ Lo Mont Magnitnaia ct aes alentoura,’ M6ni. du Comito Goologiquo, 
Vol. XVIII. No 1 ; ‘ Die Eisonorziagerstatton des Magnetbcrgca ini siidlichon Ural und 
ihre Genesis,’ Tschermaka min. ii. petrogr. Mitt , 1904, XXIII. pp. 113-152 and 225-202 ; 
reviewed, Zoit. f. Krist. u. Min., 1906, XLII, p. 489. 

The hill Magnitnaia Gora facing the Cossack village Magnitnaia, lies 
on the left bank of the Ural River and on the eastern slope of the southern 
Urals ; the distance from the town of Mias which is tlie nearest station 
on the Ural railway is about 327 km. This mineral district consists of 
separate hills or short chains, separated by wide valleys. The hill of 
magnetite 614 m. high is the most important point of an independent 
chain about 1 7 km. long and 4 km. wide. It consists of a higher southern 
portion known as Atatsch, of a northern and principal portion Bezesowaia 
Gora, of an eastern portion Dalnaia Gora, and of a lower southern portion 
which includes Malaia Gora and Usianka. In the eastern portion 
systematic mining is carried on at the Belorezki mines, while in the higher 
southern portion irregular mining only is done. 

The total horizontal extent of the Magnitnaia Gora is about 26 
sq. km. It lies in a wide belt of porphyry and felsite which is bounded to 
the north by granite and syenite, and to the south by porjAhyrite, diorite, 
diabase, and tuff. To the west, though still on the hill itself, a small 
wedge of diabase and diorite penetrates the porphyry and syenite, while 
to the south and east a width of Lower Carboniferous limestone is similarly 
found within these rocks. The ore on the one hand occurs in porphyry- 
syenite and granite, and on the other in diorite and diabase. Garnet, 
occurring massive as well as in veins or concretions, banded garnet- 
epidote rock, and iron ore, have been formed by the contact effect of the 
intruded eruptive rocks. 

^ S. Kusnefczow, ‘ Die Eisenindustrio des Urals,’ Zeit. /. prakt. Geol, 1898, p. 249. 
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The ore is found over an area about 2 sq. km. in extent and is much 
mixed with barren rock, which particularly at Dalnaia consists of garnet 
rock or kaolinized material. It is chiefly magnetite, which mineral occasion- 



Fkj. ‘J3r).~CJoologu‘iil sketch of tlie iron ileposits of Ma^oiitiiaia-tiorn. 

Scale, 1 : 31, .500. xMorozewic/:. 

ally forms large connected masses with surfaces appearing as tliough they 
had been fused, though this mineral is often found altered to haematite or 
more particularly to martite. The following figures afford an idea of 
the general composition of the ore and of its mineral composition. 
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100 per cent. 


Haematite and specularite have also been observed iiitergrown with 
quartz and garnet, though more rarely they of themselves form large masses 
of pure ore with a little quartz, alumina, pyrite, and selenite. The following 
figures illustrate the chemical and mineralogical composition of such ore : 
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SiO, . . . 

11-00 per cent. 

Haematite 

85 per cent. 

AlgOg 

0-45 

Quartz . 

10 

FO-^Og . . 

. 82-14 

Pyrito . 

3 

FeO . . 

0-57 

Kaolin . 

2 

MnO . . 

0-50 


— 

Cao . 

S . . . 

0 93 ” 

Total 

100 per cent. 

Loss on ignition 

4-35 „ i 

1 or, Hiematito 

67 


1 

' Quartz , 

■ 20 


! 

Kaolin . 

13 

Total . 

. 100 00 p<5r cent. 

1 

' Total 

100-00 per cent. 


Botryoidal ore is the name given to the black veins of stalactitic and 
retiiform structure found in weathered argillaceous and granitic rock. 
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Fig, 236.- -Horizontal iirojection through the Dalnaia nu’ (>. Sralf/l : 1700. 
TscJieriii. Min. v. Pet. Milt. Vol. XX I IT., plate 4. 


It consists of limonite, pyrolusite, and clayey material, and possesses the 
following chemical and mineralogical com})osition ; 

SiOg . • . 31H per cent. 

AI 2 O 3 . • • 6-85 „ Limonite ... 80 per cent 

FejOg . . 74-75 „ Pyrolunite . . 10 „ 

MngO., . • • 7-71 „ Clay material . . 10 „ 

L 088 on ignition . 8-47 „ 1 

Total . . 100-69 per xient. i Total . 100 per cent. 
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Concerning the manganese it is probable that the high content of this 
element in the botryoidal ore is due to the secondary enrichment of the 
very small amount occurring in the bulk of the original ore. These deposits 
have for a long time been regarded as of contact -metamorphic origin. 
Morozewicz, in his exhaustive treatise, assumed hydro-chemical processes 
resulting in the separation and subsequent collection of large amounts of 
free iron oxide together with garnet and epidote. 


The Iron Deposits of Elba 
L lTERA'rURE 

G. VON Ratit. ‘ Gco^no.stisch-iiiincralogische Fragmento aus Italicn,’ Zoit. d T). 
Gcol. Gos., 18()r), 18(18, 1870, 187:i.- -.1. CoooHi. ‘Descr. gcol. dell’ Isola d’ Elba,’ Mem. (‘omit. 
Geol. d’ Ital. I., 1871. — B. Lotti. ‘ Impre.s.sioni gcol. di una breva gita all’ ibola d’ Elba,’ 
Boll geol. Vol. VIL, 187G; ‘ Sui d(‘po.siti ferriferi dell’ Elba,’ Ras.s. Min. Vol. XIV., 1901, 
—St. Czyszkowskt. Regions ferrifcrof} de Pile d’Elba. Alai.s, 1882. — E. Rkykk. Au.s 
To.skana. Vienna, 1884. — B. Lotti. Dcscriziono geologica dell’ Isola d’ Elba. Memorie 
doscrittivo della carta geologica d’ Italia, IL, 2, 1886 ; German resume, Geol. Fdren. Forli. 
Xlir , 1891 ; Zeit. f. prakt. Geol , 1895 ; also, ‘ I Giaeimenti ferriferi del Banato c quolli 
deir Elba,’ Boll. Com. Geol. d’ Ital , 1887 — L dk Launay. ‘ Le metallog^nie de I’Ttalie,’ 
Goolog. Kongress zu Mexico, 1906 — A. Fabri. Relazione sidle rainierc di fcrro dell’ Isola 
d’ Elba. Carta geol. d’ Ital III , 1887 — K. Dalmer. ‘ Die geologisehcn Verhaltni.sse der 
Insel Elba,’ Zeit. f. Naturw. 57, 1884 ; Neues Jahrb. f. Min , i887, If. ; 1894, 1 — Further, 
a number of ]m])ers by L. llucca, B. Lotti, and S. de Stefani in Boll. Soe. Geol d’ Ital. in the 
’nineties. 


The island of Elba, not quite 30 km. long, has an extremely varied geo- 
logical construction. Pre-Silurian, Silurian, Permian, Infra-Lias, Lias, 
Eocene, and Quaternary beds, are all represented. These are intruded 
by eruptive rocks represented by granite, - quartz -porphyry, eurite, 
gabbro, diabase, and different serpentinous rocks. The general dis- 
position of these sediments and eruptives is illustrated in Fig. 148. 

The age of the granite and the other eruptive rocks was formerly 
the subject of much discussion. K. Dalmer and B. Lotti, as far back 
as the ’eighties, concluded that these rocks belonged to the Tertiary 
period, but this view was later questioned by others. C. de Stefani for 
instance regarded the granite of Monte Capanne as pre- Tertiary, but the 
porphyry as Tertiary, while C. Bucca considered that the whole complex 
must be pre-Tertiary. This question must now be considered as having 
been finally settled by the investigations of Lotti, which have provided 
indisputable evidence of the Tertiary age of the granite and of the 
porphyry and gabbro connected with it. More exactly the age is post- 
Eocene. In constructing the following description of these occurrences 
considerable use has been made of the work of Lotti. 

The largest of the iron deposits of Elba are found on the east coast 
of that island, roughly along a north and south line 15 km. in length, which 
VOL. I 2 b 
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approximately coincides with the trend of the hills. The ore consists 
chiefly of iron oxides, speciilarite, magnetite, and limonite ; and subordin- 
ately of sulphide ores such as pyrite, chalcopyritc, galena, and sphalerite. 
These sulphide ores are probably of the same origin as the sulphide contact- 
metamorphic occurrences at Massa Marittima, Boccheggiano, etc., on the 
mainland opposite, upon which probability the argentiferous galena of 
Rosseto described by Lotti has considerable bearing.^ The iron ore is 
invariably accompanied by much massive pyroxene, ilvaite, epidote, and 
garnet. The frequent occurrence of lievrite, or ilvaite as it is called after 
the island of Elba, a hydrous calcium-iron silicate, otherwise so rare, 
is remarkable. 

The deposits are found at diflerent geological horizons, in most cases 
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Kio. 237. — SectioiiH tliroiigh the Elba deposits. Lotti. 


obviously replacing limestone. Those of Calamita, (Vilaginevra, etc., lie 
between mica-schist and ftnely-crystalline limestone of pre-Silurian age ; 
at Rio the pyroxene-ilvaite material is found in beds of similar age, while 
the ore occurs between schistose sandstone and conglomerate of the Permian 
formation, in part filling hollows in the surface and in part ramifying 
through a breccia of Infra-Lias limestone. The deposits at Rio-Albano, 
Vigneria, and Calendozio, occur partly in Permian and Rhaetic beds and 
partly within argillaceous limestone of the Upper Lias, though they also 
are found to some extent in the Eocene. Near Terranera the deposit 
fills a depression in Silurian slates alternating with thicloiesses of calcareous 
material ; while finally, that at Capobianco lies upon mica-schist. 

1 K. Ermisch, ‘ Dio Untersuchungen B, Lottis auf Elba,’ Zeit. /. prakt, Geol, 1905, 
p. 141 ; ‘ Die gangformigen Erzlagerstatton der Gegencl von Masaa Marittima in Toskana 
auf Grund der Lottischen Untersuchungen,’ Zeit.f. prakL Geol, 1905, p. 200. 
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Althoupjh the ore is generally wont to occur more especially in associa^ 
tion with limestone it also occurs in the slaty rocks in the foot-wall. The 
ore-bodies are occasionally stratified and have the same strike and dip as 
the limestone with which they are associated. The pyroxene-ilvaite rock 
sometimes also exhibits this same stratification, and the beds in which it 
occurs may often be observed to pass over into the limestone or calcareous 
sediments from which they have been formed. In the deposit at Calaniita 
numerous fragments of limestone may be seen scattered through the 
pyroxene-ilvaite mass, yet preserving, both in their internal structure and 
in their outward arrangement, a stratification parallel to that of the 
neighbouring limestone, indicating plaiidy that the pyroxene-ilvaite rock 
had replaced a limestone bed of which the above-mentioned fragments 
were the remains. Such a replacement is illustrated in Figs. 148 and 237. 
Lode-like deposits crossing the country are nowhere to be observed. 

Upon the island of Elba itself no connection between the ore-deposits 
and the Tertiary granite can be definitely established, though at Calagiiievra 
and Terranera granitic dykes in the neighbourhood of the ore-bodies are 
traversed by veins of pyroxene and magnetite. On the other hand, in the 
case of some of the deposits embraced within a wider circle such a connec- 
tion is very striking. The ore for example on the neighbouring island of 
Giglio and at (favorrano in Tuscany lies at the contact between granite and 
dilTerent sedimentaries, while at Canipiglia, on the mainland of Tuscany, 
there are several other de})osits which, possessing the most striking resem- 
blance to those of Elba, are found in close association with granite, quartz- 
porphyry, trachyte, and masses of pyroxene, ilvaite, and epidote. Of the 
several analogous deposits in the Tuscan coastal district, those around 
Massa Marittima have been most completely investigated. In the case of 
these deposits the iron ore, accompanied by the usual silicates, pyroxene, 
epidote, and garnet, occurs with Hhaetic limestone in the foot-wall and 
marl in the hanging-wall. Associated with these occurrences are others 
of metasomatic origin containing copper- and iron ore, such as are now 
being exploitec^ at Massa Marittima and Boccheggiano. 

The deposits of Elba exhibit very variable composition. They consist 
cliiefly of specularite, subordinately of heematite and hmonite, and to a 
small extent of magnetite. In places the lime silicates are absent, as for 
instance at Rio Albano where however they occur by themselves at Torre 
de Rio in pre-Silurian limestone. At Oalamita the three iron ores men- 
tioned all occur intergrown with garnet, pyroxene, lievrite, and opal, 
while the presence at Capobianco of limonite containing up to 6 per cent of 
manganese is worthy of remark, more especially since contact-metamorphic 
iron ores are usually either entirely without manganese or contain but 
little of it. 
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Just as with the occurrences in the Banat, very different views are 
held relative to the genesis of the deposits of Tuscany, and particularly those 
of Elba. Some authorities and in particular G. von Rath in 1870, J. Cocchi 
in 1871, and E. Reyer in 1884, from the bedded character and apparent 
stratification of the ore and the presence of the ^yroxenc-ilvaite rock, drew 
the conclusion that the deposits were actually sedimentary. Their epige- 
netic nature was however already suspected by different Italian geologists 
as far back as the middle of last century, since when it has been indisputably 
established by S. Czyszkowski and B. Lotti, more especially by the latter, 
who in 1887, in a paper especially devoted to the subject, pointed out 
the analogy between the deposits of Elba and those of the Banat, and 
called particular attention to the fact that the deposits of Elba and of 
the neighbouring mainland were everywhere independent of the age of the 
country-rock in which they were found. The ore could neither be contem- 
poraneous with the sediments of the hanging- wall nor with those of the 
foot-wall because in places it equally replaced both, although the geological 
ages of the two might be quite different. 

Since ore is even found replacing beds of Eocene age, these deposits 
must be regarded as post -Eocene. Together with the accompanying 
silicates they must have been formed by molecular replacement of the lime- 
stone by contact-metasomatis, a procedure which at Calamita is plainly 
observable to have taken place. 

The Etruscans and later the Romans, away back in classic times, 
sought and won iron ore on Elba. From that time mining operations con- 
tinued unbroken through the Middle Ages to the present time, though only 
since the middle of last century have they attained any great importance. 
Reliable figures concerning the operations since the eleventh century are 
available. At present the deposits are the property of the Italian Crown. 
The production in the ’forties amounted to about 30,000 tons per year, 
rising in 1850 to 50,000 tons and in I860 to over 70,000 tons. In the 
’seventies and ’eighties a maximum of more than 200,000 tons was 
reached. The present resources are not very great. Sinqe 1831 about 7 
million tons have been obtained from Elba, while the quantity reckoned 
in 1885 as still to be won was placed at 8 million tons. 

The iron content of the different deposits varies from 50 to 68 per 
cent ; the manganese content is low with the exception of the ore at 
Capobianco which contains 6 per cent; there are but traces of phosphorus, 
though often some sulphur and copper. 



CONTACT-DEPOSITS 


373 


Traversella and Brosso in Piedmont 
LITERATURE 

V. S. A. Bonacosha. Monogr. sulle ininiore di Brosso. 'J’urin, 1900. — V. Novarese. 
Boll, del R. Com. gool. Rome, 1901 ; Zeit. f. prakt. Gool., 1902. 

These deposits, famous for their beautifully formed crystals of garnet, 
pyroxene, hornblende, epidote, etc., occur in iiiica-schist and limestone, 
within the contact aureole of a diorite intrusion. This rock, a biotite- 
amphibole-diorite, with at most 60 per cent of SiO.„ occupies an area 6 km. 
long and 2 km. wide, while the actual intrusion is fairly well established 
to have taken place during the Tertiary period. 

Three classes of deposit are differentiated : firstly, magnetite deposits 
which for years now have not been worked ; secondly, deposits of specu- 
larite and of pyrite, the latter yielding about 25,000 tons of non-cupriferous 
pyrite with 48-49 per cent of sulphur yearly ; and, thirdly, lodes of lesser 
importance. With the first two classes the ore occurs in pockets and 
masses, particularly in the limestone, and the deposits are regarded by 
the authorities who have recently investigated the district as of contact- 
metamorphic origin. 

The deposits of iron ore near Villa-dc-Fradcs, in the Beja district of 
the Portuguese province of Alemtejo, where the original magnetite has been 
changed to martite, the pseudomorph after magnetite, are contact occur- 
rences in the neighbourhood of ‘ greenstone.’ They constitute therefore 
one of those infrequent cases where within their contact aureole ^ basic 
eruptive rocks have given rise to a useful ore-deposit. 


Contact-Deposits of the United States 

It is only within the last few years that the attention of American 
geologists has been attracted to the formation of ore by contact-meta- 
morphic procee^es. Among the deposits of iron ore in the United States 
which belong to this class, those in the Iron Springs district of southern- 
most Utah deserve special mention. As described by C. K. Leith and E. 
C. Harder, 2 in these deposits the ore, accompanied by the usual contact 
minerals often in considerable amount, occurs in the contact aureole of 
andesite intrusions in Carboniferous Limestone, Jurassic, and Cretaceous 
beds. This situation is illustrated in Fig. 238 where the Carboniferous 
Limestone is indicated under the name of Homestake Limestone. 

The same authorities state that genetically similar occurrences of 


^ Worneko, Zeit. f. prakt. GeoL, 1902. 
2 U.S. Oeol. Surv.. 1908, Bull. .338. 
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magnetite in eruptive rock, or in limestone close thereto, are found in many 
places in western North America, the United States as well as Mexico. 
Among others the following places are mentioned : Durango in Mexico, 
where almost all the iron ore is of this character; San Bernardino County, 
California ; Redding Quadrangle, Northern Cahfornia ; Lyon County, 
Nevada; the Great Basin ; Stevens County, Northern Washington ; Texas ; 



FhiiUs Ii(iii<h»‘. An(l''hitt* Cit'laccous Altpicd Cai bom broils 

luccolitlj. sands, lone. liiiic-stono. liiucslone. 


Fi(i 238.- -Map of tlic ii’oii tlepo.sits at CJianite Moiuitaiii, Iron-Spnn^s di, strict. 
J^eilli ami Hauler. 


Vancouver and Kamlooks, British Columbia ; Fierro and Cha})adera Mesa, 
New Mexico ; Taylor Peak, White Pine and Cebolla district in Pitkin and 
Gunnison Counties, Colorado ; and finally at Iron Mountain, Missouri. 

Leith and Harder, on p. 92 of their work, cite man^ references to 
these occurrences, and state definitely that the above list of districts 
where coiitacT-deposits of iron ore are known, is not complete. For 
further information concerning the contact-de})osits of North America, 
reference should be made to the previously cited papers of Lindgren, 
Weed, and Barrell. 
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ANNEX 

The occurrences of iron ore in the crystalline schists of Arendal in 
Norway ; and Persberg, Dannemora, etc., in Middle Sweden. 


Arendal in Norway 
LITERATURE 

Th. Kjerttlf and T. Daiill. ‘ Dio Eiscjiorzvorkomninisso l)oi Arendal, Nas und 
Krageru,’ Nyt. Mag. f. Naturv. XJ., 1801 ; in German, Neuos^.Jahrb. f. Min. Gcul. Pal., 
1802. — J H L Vogt. ‘ Norge.s dernmalmforokomster,’ with resume in German, Nor. 
gool. Unters., 1910, No. 51. 


The fundamental rocks of Arendal on the south-east coast of Norway 



consist of a number of crystalline members of very variable composition. 
Red foliated granite rich in potassium felspar, and schistose hornblende- 
plagioclase gabbro-rocks probably to be regarded as foliated gabbros, are 
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widely distributed, while, in addition, grey gneiss and hornblende gneiss, 
both most probably of eruptive origin, are of frequent occurrence. 

In such country and within a field approximately 20 km. long, a con- 
siderable number of magnetite deposits occur, the positions of which are 
indicated in Fig. 239. In these the magnetite is associated with augite, 
generally a diopside variety ; garnet, generally andradite ; hornblende, 
epidote, and calcite; to a lesser extent with scapolite, mica, chlorite, serpen- 
tine, and spinel ; more rarely with babingtonite, rhodonite, tourmaline, 
datolite, and zeolite, etc. ; and now and then with quartz and felspar. 



Fio, 240. —The Klodeherg mine near Aremlal. Opcncut workings imlieated by 
cross-hatching. Vogt. 


Often, too, in the neighbourhood of the mines, streaks of calcite with garnet, 
pyroxene, etc., up to several feet in thickness are found. 

These deposits, in their broad lines at least, occur conformably to the 
crystalline schists and in the manner illustrated in Fig. 240, where lenses 
of magnetite are seen to occur within larger lenses of the pyroxene-garnet 
rock. The length of the ore-bodies is rarely more than 75r-100 m. The 
width, which at times, as in the deeper levels of the Klodeberg mine, may 
be as much as 12-13 m., is generally but 2-5 m. The dip as a rule is steep, 
while the extension in depth is generally greater than that along the strike. 
Finally, the composition of the ore may be gathered from the analyses in 
the following table : 


[Tablk 
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Klodeberg. 

Klodeberg. 

KjeiUi. 

Braastad. 

Langsev. 

re 304 .... 

66-06 

6^-60 

59-94 

83-98 

60-79 

SiOa . . 

10-88 

12-00 

9-75 

7-10 

23 28 

AljOj .... 

2-75 

1-30 

1-71 

2-83 

2-76 

MnO .... 

1-87 

2-64 

2-68 

0-20 

0-78 

CaO . . : . 

8-:i8 

10-95 . 

12-89 

5-00 

10 93 

MgO .... 

r)-.‘i 8 

5-35 

7-64 

1-15 

4 08 

P 3 O 3 .... 

i 0-018 

0-049 

0-082 

: 0 066 

1 

S 

' 0-020 


1 - ' 

1 0-016 

•• 

.... 

2-60 


; 3-10 

1 

i 

' 0-30 

I 

Total . 

98-05 


1 98-00 

100-46 

102-92 

Vg .... 

47-83 

47-5 

1 43-40 

60-80 

44-02 

P 

0 008 

0-021 

0-036 

0-029 

i 


As will be observed, the ore generally contains 42 49 per cent of iron, a 
percentage as high as 60 being seldom reached. Phosphorus and alumina 
are low, being generally 0-020--0-035 per cent. There is always more CaO 
than MgO, while the alkalies are practically absent, as is also titanic 
acid. The crystals of epidote, garnet, and augite, from Arcndal, so often 
seen in mineral collections, come from these deposits, though those of 
orthite, euxenite, gadolinite, etc., on the other hand, are from the granite- 
pegmatite dykes in this same neighbourhood. 

Kjerulf and Dahll in 1861 considered these iron deposits, and indeed 
the Norwegian deposits in general, to be of eruptive origin. According to 
recent investigation by Vogt however the follo^ving factors particularly 
come into consideration. The iron ore and the garnet-pyroxene rock, locally 
known as SJairn, occur in various crystalline rocks, sometimes in gneiss 
or hornblende-gneiss, sometimes in the schistose gabbro before mentioned, 
and sometimes even in the foliated granite. The formation of the ore and 
of the skarn minerals is therefore younger than the rocks in which they are 
found, though older than the dykes of granite-pegmatite. The ore and skarn 
are often striped in conformity with the structure of the country-rock. 
Sometimes, asjor instance in the Torbjornsbo mine, a typical breccia is met 
wherein fragments of skarn are cemented by magnetite. The formation 
of the minerals allied with the magnetite on one side and those with the 
garnet-pyroxene on the other, took place in this instance in successive 
stages. The ore and skarn are therefore certainly epigenetic. Within the 
deposits some layers consist preponderatingly of magnetite ; others almost 
exclusively of kolophonite or garnet, of kokkolite a variety of augite, 
or preponderatingly of calcite ; while others again contain a more equal 
admixture of these different minerals. In the process of formation 
ferrous oxide ; some manganese oxide, alumina, and carbonic acid ; 
much lime and magnesia ; and very much silica, etc., have been added, but 
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hardly any alkali. This chemical composition and the frequently observed 
deposition of the chief minerals in separate layers, led to the assump- 
tion that the formation depended upon hydro-chemical processes. Since 
however the mineral association and the structure of the ore and skarn 
are identical with those of contact-metamorphism, it is justifiable to draw 
the conclusion that the deposits are either cont*act-metamorphic pure and 
simple, or that they are older deposits which have suffered contact-meta- 
morphism subsequent to their original formation which in no case could 
have been sedimentary. Against this latter alternative there is however 
the fact that except in the immediate neighbourhood of the deposit 
the country-rock is not altered by contact-mctamorpliism. On the other 
hand the occurrence of the deposits invariably in the near neighbourhood 
of the granite, often, as at Naskilen and Braastad, actually between foliated 
granite and crystalline schists, when taken in conjunction with the inter- 
bedded occurrence of the former rock, is a further point in favour of an 
origin by contact-metamorphism. 

From about the year 1(>20 to the late ’sevetities the mines at Arendal 
altogether had produced approximately 2 3 millioii tons of ore. The 
total superficial extent of all the deposits is somc’8000 sq. m., tliis total 
being distributed over twenty larger and a great number of smaller occur- 
rences. Latterly but one or two mines have been working and these 
only on a limited scale. One mine is 235 m. deep, some arc 150 m., and 
many 100 m. The quantity of ore yet remaining for exploitation has 
been estimated to be certainly 1*25 million tons, jnobably 2-25 million, and 
under favourable conditions perhaps even 3 million tons. 

Altogether there arc on the south-east coast of Norway no less than 
five genetically different occurrences of iron ore in the fundamental rocks, 
namely: (1) iron ore and apatite-iron ore in granite, as at Lyngrot and 
Solberg ; (2) the occurrences at Arendal ; (3) titanium-free bedded and 
brecciated lodes in gabbro at Langi) near Kragero ; (f) metasomatic 
haematite occurrences in impure limestone in the neighbourhood of Skien ; 
and (5) titaniferous-iron ore in gabbro. 


The MAGNETITE-SrECULARITE DEPOSITS IN THE FUNDAMENTAL 

Rocks of Middle Sweden 
LITERATURE 

The following workS; unless otherwise stated, are written in Swedish. 

A. Erdman. Uto Ironfield, Vet-Akad. Handl. Stockholm, 1854, pijbli.shed 1850; 
Dalkarlsberg Ironfield, ibid, for 18.55-1856, piiblisluid 1858. — A. Sjooren. ‘Occur- 
rence and Formation of the Swedish Ore- Deposits,’ Jernk. Ann., 1859 ; several articles in 
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Geol. Foren. Forh. as in II., 1874, etc. — O. Gum alius. ‘ The Seniority of Ore- Beds and 
their Application as Indices of Ago,’ Ofers. Vet. Akad. Forh., 1875, and Schwod. gool. 
Unters., Scr. C, 187.1, No. 13. — A. E. Tornebohm. ‘Description of Nor berg ’ with geo- 
logical map, Gcol. Foren. Forh. II., 1875; concerning Persberg, Schwed. geol. Unters., 
Sor. C, 1875, No. 14; concerning l)anne?nora, separately published, Stockholm, 1878; 

‘ Geological map of Middle Sweden in .several .sheets,’ and ‘ Review of the Ancic'iit Forma- 
tion of Middle Sweden,’ Geol. Foren. Forh. VI., 1883, — B. Santessux. ‘ Description 
of the Mine.s in Oerebro Lan,’ with numerous inaj)s and sections, Schwed, geol. Unters , Ser. 
Bb, 3 and 4, 1883, 1880. — W. Peteb.sson. ‘ Description of Nordmarken ’ with geological 
map, Schwed. gcol. Unters. Scr. (!, 1800, No. 102; ‘Geological Atlas of the Norberg 
Mines,’ Schwed. geol. Uptens., Ser. Bb, No. 0 .— H.t. Sjogren. ‘Comparison between 
the Ore- Deposits of Moravicza, etc., in the Banat and the Swedish Depo.sits,’ Geol. Foren. 
Forh., VII., 1885; in German, Jahrb. k. k. geol. Hcichsanst. XXXVI., 1880; ‘The 
Genesis of the Swedish Iron Ore-Beds,’ Gcol. Foren. F(irh. XIII., 1801 ; ‘ Comparison 
between the Iron Ore-Beds of Sweden and those of the United States in relation to genesis,’ 
ibid. XV., 1803; ‘The gem'sis of the Swedish Iron Ores,’ ibid. XVMII., 1000; XX.\., 
1008 ; ‘ The Iron Ores in Granite in the Lofoten, and the j)arallel structure of banded 
“ Torr.stenar,” ’ ibi<l. XXX., 1008; .several papers in W(‘rmlandska Bergsmannaforeningens 
Annalen, e.specially in 1003; in English, Amer. Inst. Min. Fng. Toronto Meeting, 1007, 
XXXVIII., i)p. 877-040 ; Report of the Bnt. A.ss. Leicester Meeting, 1007, Sec. C, ])p. 1-14. 
— H. V, 'riBKKd. Papers in Bergsmannaforeningens Annalen of recent years. — H. doUANS- 
SON ‘Lecture upon Grangesberg,’ Geol. Foren. Forh. XXVL, 1004; ‘The Manner of 
Formation of the Middle Swedish Iron Ores,’ ibid, XXVI I L, 1000 ; XXIX., 1007 ; XXX., 
1008.---R. Beck. Z»‘it. f. ]»rakt. Geol., 1800, jip. I -10; ‘ Diseu.s.sion upon the Formation of 
Iron Ore’ at the May meeting, Geol. Foren. Forh. X.XVllL, 1000. The geology of the iron 
ores of Middle Sweden is oftmi diseus.sed in the papm’s dealing with Norrbotbm, cited on p. 
200. — ,1. H, L. VooT. Salten uml Ranen, 1801 ; Diinderland Ironfield, 1804; ])aper cited 
later in the .section ujion the ferruginous miea-schi.sts of Northern Norway.— G. Norden- 
STROM. ‘The Iron Besonrees of Swedim,’ Jernkontorets Annalen, 1803; ibid., 1808, 
1800 ; L’Industrie miniere de la Suede en 1807 ; and Catalogue of the Mining lOxhibition 
of Middle Sweden, both Stockholm, I8t)7. The work, ‘The Iron Depo.sits of the. 
World,’ of the International Geological Congress in Stockholm, 1010 had not apju'ared 
when these pages went to press, though by favour of the editorial staff proofs of tlui article 
on the Midfilo Swedish occurrences were reeeived and used. 


The long -famous iron ore deposits of Middle Sweden, of which 
the most important indicated in Fig. 241 have been working 
since about the year 1300, occur with lew exceptions in the upper, 
though according to Swedish opinion not in the uppermost portion of 
the fundamental rocks. In that upper portion compact gneisses, vari- 
ously described by Swedish geologists as hiilleHinta or halleflinta-gneiss 
and granulite.or eurite, are widely distributed. Though these rocks have 
been more or less altered by regional metamorphism so that the original 
facies is now often difficult to recognize, many Swedish geologists never- 
theless are agreed that in greater part they represent Arch scan siij-ier- 
crustal formations. Outpourings of quartz-porphyry with their attendant 
tuft’s played also in their time an important part, though all have since 
become so foliated and altered that by some they may be considered 
originally to have been ordinary sediments, while others may regard 
them as altered plutonic rocks of granitic composition. Limestone and 
dolomite which in places, as at Dannemora, Persberg, Langban, and Sala, 
form very considerable beds, are often present. In addition, extensive 
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areas are found where, though the rock occurs more or less foliated, a 
granitic character may still be unmistakably recognized. Finally, basic 
eruptive masses occur here and there. 



Fig, 241. — Map of the most important iron mines in Middle Sweden. Fahhin is a copper 
mine ; Sala, a lead-silver-zinc mine ; Ammeherg, a splialerite mine, Nordenstrom, 1897. 

N, Nurdnuuken ; r, Viker; Sti>, Mtripa ; If, Il.ikonsboda ; .Sc, S\artvik; .S/, 'si-dlb-ri' ■ ft, njcrnborf'et ; 
Rl, IlylLshytan ; Rh, K.illinysberg ; Ny, Xyang ; R, Handndl , ■> , -I 


According to the views of some Swedish geologists, the granulites 
etc., are not to be regarded as having consolidated at the surface but in 
depth, subsequently to which they were greatly altered. 

The ore-deposits are in greater part steeply-inclined, and almost always 
conformable to the country-rock, while the ore itself is often banded. In 
the majority of cases this latter is almost exclusively magnetite ; in some 
cases specularite preponderates and magnetite is unimportant ; while in 
others both minerals may be well represented. Limonite and siderite are 
absent and all the ores here occurring are without titanium. Mineralogi- 
cally and chemically therefore, as well as in regard to geological position, 
extreme members of these occurrences may be differentiated, these being 
represented by Grangesberg on the one side and Dannemora on the 
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other. The occurrences may accordingly be divided into the following 
groups : 

. J . Apatite-iron ore : Griingesberg. 

2. Torrsten or lean ore : Striberg. 

3. {a) Ore carrying hornblende, augite, garnet, etc. : Dalkarlsberg, 

Nordmarken, Taberg in Wermland, Persberg. 

(b) Ore carrying the above minerals together with calcite : 

Dannemora. 

4. Manganese ore, chiefly haussmannite : Langban. 

Apatite-iron ore and other rich iron ores arc found at Orangesberg, 
the most important mining field in Middle Sweden. In this field, which is 
about 4 km. long and 0-5 km. wide, the strike of the ore-bodies, as indicated 
in Fig. 150, is fairly regular and the dip, which is about Gb'’, equally so. The 
country-rock in the immediate neighbourhood of 
the ore consists of grey biotite-granulite with 
interbedded occurrences of amphibolite, though 
foliated granite occurs only a hundred or so 
Fk;. 2 12. --Sect ion of the distant from the • hanging- wall of the 

Vogt., GeoL Fotni. F<>)h. principal deposit. 

x\ t., 1894, |i. 289. ore-bodies themselves are lenticular 

masses o£ very variable width. The length of 
the largest among them is about lOOO m., along 
which length there are two bulges where the 

e.'nmgneui.:'’'’'''"""" width is respectively <)() m. and 110 m. Within 

that width, as indicated in Fig. 242, there are 
alternating layers of magnetite and specularite, the former pre- 
dominating, as well as some quartz, hornblende, etc., and a good deal 
of apatite. The ore is crossed by numerous dykes of granite-pegmatite 
which for a foot or more on cither side have altered the specularite 
to magnetite. The ore of the main deposit carries on an average 62 
per cent of iron and 1 per cent of phosphorus which is, equivalent to 
5-5 per cent of apatite. At Ormberget and Lomb^rget the phosphorus 
content is much lower. The whole occurrence mineralogically, chemically, 
and geologically, is remarkably similar to that of Gellivare. 

The so-called Torrsten or lean ore found at Striberg and in several 
mines at Norberg, consists of an intimate mixture of specularite and to a 
less extent of magnetite, with quartz and various silicates. That at Striberg 
greatly resembles the (piartz- banded ore of Sydvaranger in Norway, so 
much so that Fig. 183 might well be taken to represent it ; there is how- 
ever the important difference that the Swedish ore, containing 50-53 per 
cent of iron, is materially richer. The amount of sulphur present is low, and 
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the phosphorus in some mines is but 0*01 per cent. Though this latter 
figure is in places exceeded it is rarely more than 0*04 per cent. The 
amount of manganese present is invariably minimal. The deposits of 
ore of this class are mostly immediately embeddcul in halleflinta or hiille- 
flinta-gneiss. 

The ore carrying holnblende, augite, garnet, etc., and in some 
cases much calcite, and the manganese ore, differ geologically from the 
apatite and lean ores mentioned above in so far that they occur almost 
invariably in close connection with limestone or to a less extent with dolo- 
mite, being found either actually within those rocks or in close proximity to 
them. That of Danncmora, for instance, as indicated in Fig. 244, actually 
occurs in limestone as do also those of Klackberg and Kolningberg, near 
Nor berg, illustrated in Fig. 245; that of the principal occurrence at Persberg 


Lon^ Sectioii Cross Section 



partly, as indicated in Fig. 24() ; and in addition the Hag, 8k()tt, Ihigborn, 
Holm, Viker, Svartvik, 8tallberg, and other mines. The situation of the 
last-named occurrence is indicated in Fig. 247. 

It is just these occurrences which are characterized by the large develop- 
ment of skai4i, this rock generally consisting of a schistose complex 
of hornblende, augite, garnet, epidote, chlorite, talc, serpentine, etc., often 
with calcite and sometimes with (piartz. The skarn here, similarly to its 
occurrence at Arendal in Norway illustrated in Fig. 240, often forms lenses 
of considerable dimension within winch again the lenticular or irregular 
ore-bodies occur. 

The ore of these deposits is chiefly magnetite and but seldom specu- 
lar! te. It occurs mixed with the skarn minerals with which sometimes 
there is a good deal of calcite in addition. The iron content is usually 
about 50 per cent ; that of manganese is sometimes high, as for instance at 



Fig. 244. — Map of Dannemora. Tornebobm. 



e amount of phosphorus is genera 
2 O-OOD ner cent and at other occ 


Fig. 245. — Map of Klackberg-Kolmngberg. W. Peterssoii. 
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fences often less than 0*01 per cent. That of sulphur on the other hand is 
sometimes somewhat high. 



Fi(}. 246. - Map of tlie pnnci])al portion of the IVrsherg field ; ore and workings 
indicated black, 'rornebohin. 



Fig. 247. — Map of the Stallberg field ; .showing iron deposits in limestone lenses. Santesson. 


Similarly to the Arendal ores, those of Nordmarken, Persberg, Danne- 
mora, etc., are distinguished by the presence of mixed silicates which 
generally carry a good deal of Ume and magnesia though relatively little 
VOL. I 2 c 
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alumina. The lime often exceeds the magnesia though at times the opposite 
is the case. The alkalies are almost completely absent. 

The ore-bodies are lenticular, sometimes indeed almost columnar, so 
that the length along the strike is but a low multiple of the width. The 
largest body at Dannemora has a length of 240 m. and a maximum width of 
30 m. In the majority of cases however the length is less and often 
below 100 m., while the width is usually not more than 10 m., and often only 



Fig. 248. — Longitudinal section of three ore-bodies in limestone following one after the other 
along the strike. Svartvik. Santesson. ^ 

2-5 m. With some exceptions the extension in depth is generally con- 
siderably greater than that along the strike, a dimensional relation 
illustrated in Figs. 243 and 248. Many mines with a length of 100 m. or 
less are now working at depths of 200-300 m., while two mines, Taberg in 
Wermland and Dalkarlsberg, have reached 350 m. with no perceptible 
diminution in horizontal dimension. On the other hand many deposits, 
and especially the smaller ones, have given out at comparatively 
shallow depths. Not infrequently the deposits pitch into the country, 
that is the extension in depth does not coincide with the dip but makes 
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an angle with it. Another feature of their occurrence is that they often 
follow one another at short distances along the strike, as illustrated in Figs, 
245 and 247, though this arrangement may be varied by one in parallel 
steps seen also in Fig. 247. Whether this appearance is primary or due 
to subsequent folding, is 7 iot possible of decision by direct observation. 




Dolomite Granuhte 



Granite 

youn^,gr^, fmo-^rained 



Granuhte Horrsjo granite Orebro granite 

younger 


E3 r?™ 

O'abaee Iron * Lead,Silver 

Copper 


Fi(}. 249. — Geological map of the Jjaiigbaii district ; scale, 1 : 50,000. 


The strike is often in good line though occasionally, as illustrated in 
Figs. 21, 70, 71, and 72, it is curved or even jagged. Irregularity of strike, 
as illustrated in Fig. 246, also occurs. On either wall, or on both, the ore- 
bodies often occur with false walls which in general are probably rightly 
regarded as planes of movement, and therefore of tectonic origin. When 
exploring underground, such walls, especially if they are wet, are considered 
favourable indications of the presence of a new ore-body. 

The manganese occurrences at Langban in Wermland and at the five 
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neighbouring places Pajsberg, Harstigen, Jakobsberg near Nordmarken, 
Kittelen at Nordmarken, and Sioggmfvan,are peculiar, and mineralogically 
of the greatest interest. The Langban mine, which occurs within a large 
area of dolomite, contains specularitc in large flat lenses and manganese 
ore in lenticular or clump-hke masses. The pr,oduction of these two ores 



which are mined separately, has been latterly about 7000 tons of the former 
with 50-60 per cent of iron and but 1 per cent of manganese, and about 3000 
tons of the latter with 30-40 per cent of manganese and but 1 per cent of 
iron. The occurrence at Kittelen in the Nordmarken mine was that of a 
clump-like body of manganese ore, of dimensions not exceeding a few metres 
in any direction, in the immediate neighbourhood of the iron ore. The 
other four occurrences are only of mineralogical interest. 
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The manganese deposits of Langban, consisting chiefly of haussman- 
nite with some braimite, as well as that found in the iron mine of Nord- 
marken,' are in regard to the variety of minerals found in them among 
the most prolific and interesting in the world. According to a collection 
made at our request a few years ago by Professor A. Hamberg of Upsala, 
the presence of at least 120 independent minerals has been established, 
including 4S which so far are limited to these particular deposits. Next 
after these in the abundance of minerals presented, come the occurrences 
at Monte Somma, Vesuvius, and those in the district of Langesundfjord in 
Norway, each with some 80 different minerals. 

In the above-mentioned manganese deposits many and various com- 
pounds of manganese, lead, barium, arsenic, and antimony, arc. found, 
such for instance as manganosite, MnO and periclase MgO ; jacobsite, 
rhodochrosite, and rhodonite ; scheflerite or mangancse-augite ; tephroite 
or manganese-olivine ; manganese-vesuvianite and manganese-epidote ; 
.manganophyllite and trimerite ; pyrophanite, MnTiOg, etc. ; metallic 
lead ; the five lead siheates, barysilite, ganomalitc, hyalotekite, kentrolite, 
melanotekite ; in addition, celsian or barium felspar ; langbanite, a inan- 
ganese-iron-antimony silicate ; and numerous arsenates, etc. Nordmarken 
among other things is famous for its diopside crystals. 

The deposits of Middle Sweden just described, present great difficulty 
in the matter of their genesis, more particularly as in many cases the original 
nature of the country-rock cannot be determined. The older Swedish 
geologists and mining engineers, including Erdmann, Gumalius, Norden- 
strom, A. Sjogren, and Tcirnebohm, regarded the occurrences as sediments, 
a view endorsed by ITj. Sjcigren in 1885, 1886, and 1891, and by Vogt 
at the commencement and in the middle of the hiineties, while to-day it 
has still a number of adherents. The arguments put forward were the 
conformity with the country-rock, the striping and banding of the ore, and 
the limitation of certain ores to particular geological horizons. 

In 1893 Hj. Sjogren, altering his view, endeavoured to explain these 
occurrences as the result of metasomatic processes. He and Tiberg, the 
latter particularly, were of opinion that they were deposits from descending 
aqueous solutions rich in iron. In view of the fact however that a whole 
number of these occurrences are crossed by dykes of trap and of granite- 
pegmatite, the latter certainly of Archaean age, the ore formation must 
equally be of Archaean age. Of late years Hj. Sjogren has strongly advocated 
the view of a later and intensive alteration of the deposits and according 
to him two principal factors have to be considered, the primary origin and 
the secondary alteration. 

The older Swedish school, as well as Johansson and Hj. Sjogren, 
have latterly sought to explain the whole of these occurrences by one 
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method of formation applicable, in its chief features at least, to all. The 
old school in tliis endeavour assumed original sedimentation, Johannson 
magmatic differentiation, while the view of Hj. Sjogren may be gathered 
from the following quotation^ ‘That one manner of formation . . .* is . . . 
magmatic-aqueous fusion which on the one hand may pass over to become 
ordinary solution and on the other to become ifiagmatic differentiation.’ 

The formation of such varied occurrences, as for instance those of 
Grangesberg, Striberg, and Persberg-Dannemora, by one single process, 
appears however very doubtful. Vogt calls particular attention to the 
fact that in the fundamental rocks of that district in Norway which includes 
Arendal, Kragero, and Ulefos, a district much less extensive than that 
now being considered, no less than five genetically-different classes of iron 
deposits occur, among which four are titanium-free (see p. 378). A similarly 
varied genesis is probably the case with these deposits of Middle Sweden. 
The apatite-iron ore of Grangesberg shows a remarkable similarity to 
that of Gelhvare and like it probably arose by magmatic differentiation. 
Then there are other occurrences in Middle Sweden which may be compared 
with the Solberg-Smorten type of Norway. As pointed out by Vogt ^ and 
later amplified by Hj. Sjogren, the Tonsten or lea*n ore of the Striberg 
type, occurring in granulite and orthogneiss, is structurally almost identical 
with the quartz-banded ore found at Syd varan gar in northern Norway. 
It is therefore possible that the lean ore of Sweden was also formed by 
magmatic differentiation. In any case between the apatite-iron ore and 
the lean ore several intermediate stages arc found. 

The remaining class of deposit, that typically developed at Persberg 
and Dannemora and characterized by fluctuating amounts of augite, horn- 
blende, garnet, etc., and sometimes of calcite, must, with the manganese 
deposits, be considered apart from the others. The occurrence of such 
deposits of iron and manganese in one and the same mine, at Langban and 
again at Nordmarken, indicates that the two occurrences must be considered 
together. These deposits in their form of extended lenses amounting 
almost to columns, are morphologically widely different from sediments 
even when such have been mechanically deformed. At Lankan the dolo- 
mite in the neighbourhood of the mine is traversed by a number of veins of 
iron as well as of manganese ore running at right angles to the main 
deposit,^ proving most convincingly that the ore there is epigenetic.^ The 
deposits of the Persberg-Dannemora type are also occasionally crossed by 
dykes of granite-pegmatite and trap of Archscan age, to which age therefore 
their formation also must be relegated. 

1 Qeol. Foren. Fork. XXX., 1908, p. 162. 

* ZeiL /. prakt. Qeol., 1907, p. 88. 

® See photographs by B. Tiborg, Wermldndeka Annalen, 1903, Pt, II., Plate I. 

/ Vogt, Zeit. f, prakt. Qeol, 1900, p. 371. 
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In relation to the minerals present these occurrences are identical 
with the contact iron deposits. Hj. Sjogren in the ’eighties drew a parallel 
between Persberg on the one side and Vaskd, etc., in the Banat on the other, 
while Tornebohm ^ compared Persberg, etc., with Pitkaranta. In making 
these comparisons both these authorities proceeded from the idea that the 
Persberg occurrence was sedimentary, an origin which they then sought 
to apply to the Banat and to Pitkaranta respectively. Since however 
the deposits at the two latter places are now acknowledged to be contact- 
metamorphic or contact-metasomatic deposits, the similarity thus estab- 
lished with that of Persberg strengthens the view that the Pcrsberg-Danne- 
mora deposits are equally of similar genesis. The geological position of 
these deposits, characterized as it is by association with limestone or dolo- 
mite, is strikingly similar to that of deposits freely acknowledged to be 
contact-metamorphic. The same similarity is seen in the shape of the ore- 
bodies and in their frequent limitation by movement- or crush -planes. 
For ages Persberg has been particularly compared with Arendal,the Arch^an 
deposits of which latter place Vogt considers almost certainly to be of 
contact-metamorphic origin, an origin which by analogy he considers may 
be applied to the equally Archaean Persberg occurrences. This view of 
their genesis is however only of an hypothetical character. With the 
deposits of Middle Sweden there remain so many unsolved questions, one in 
particular being that of the origin of the country-rock, that the question 
of the genesis of the ore-deposits themselves must bo handled with the 
greatest caution. 

Economics. -The total production of iron ore from Sweden according 
to H. Siindholm ^ amounts altogether to about 113 million tons distributed 
as follows over the dilferent periods : 

1301-1700 400 years some 1 1-8 million tons. 

1701-1800 - 100 „ „ 15-7 „ 


1801-18.32 - 

32 „ 

.. rv7 „ 


1833-1857 -- 

25 „ 

M 0-9 „ 


1858-1877 --- 

20 „ 

„ 10 5 „ 


1878-1897 - 

20 „ 

„ 22-9 „ 


1898-1908 - 

11 „ 

„ 39-2 „ 



Ajjpro.xiraatc total . . 113-0 million tons. 


From Norrbotteii up to the end of 1908, as mentioned on p. 275, about 
23*3 million tons were shipped. The export from Grangesberg from 1882 
to 1908 amounted to 8-9 million tons ; from other mines in Middle Sweden 
somewhat more than 1 million tons were latterly shipped to Germany, etc., 
while since 1809 about 1 million tons have been sent to Finland making 
altogether in round figures about 33 million tons shipped. In the country 

1 Geol. Foren. Fork. XlII,., 1891. 

2 Berghaiidheringena V'dnner, Orebro, 1909i 
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itself till the end of 1908, 79-80 million tons had been smelted, of which 
about 0*9 million tons came from Taberg in Smaland while the remainder 
came from the deposits of Middle Sweden just described, the total pro- 
duction of which to the end of 1908 amounted to about 89-90 million tons. 

The Swedish production of iron ore and pig-iron is as follows : 


JL 



Iron Ore. 

1 

Metric Tons. 

Total. 

Proportion from 
Middle Sweden. 

j Pig-Iron. 

1 

1871 

602,500 

about 660,000 

1 298,800 

1881 

820,100 

„ 820,000 

I 430,000 

1891 

987,400 

„ 950,000 

1 490,900 

1901 

2,795,200 

„ 1,700,000 

528,400 

1907 

4,480,100 

„ 1,8.11, 710 

i 567,800 

1908 

4,712.500, 

„ 1,884,450 

556,345 


With few exceptions the Swedish blast-furnaces use charcoal only in 
smelting and produce an iron famous for its low sulphur and phosphorus 
content. 

The tonnages of iron ore produced by the mfost important mining- 
fields in 1908 were as follows : 


Norrbotten. 


Kiirunavaara-Luossavaara 

Tons 

1,649,850 

Tuollavaara .... 

78,730 

Geliivaro ..... 

869,010 

Koskulls Kiille 

195,855 

Middle Sweden. 

Grangesberg, with Loin berg 1 

Tons. 

715,210 

Blotberg [high P-content 

129,840 

Idkerbcrg j 

59,120 

Norbcrg, with eleven separate mines 

145,540 

Dannemora, several mines 

46,240 

Strossa „ „ 

44,790 

Stripa „ „ 

37,660 

Skottgrufvc „ „ . . 

36,230 

8tallberg „ „ . . 

35,900 

Dalka'rlsbcrg „ „ . . 

33,870 

Striberg „ „ . . 

30,190 

Persberg „ „ . . 

29,730 

Herrang „ „ . . 

26,300 


In addition to those above-mentioned, twelve smaller mining fields 
each produce annually 10,000-20,000 tons, while many still smaller are 
in operation. Putting all together, the total number of mines working 
in Middle Sweden during the year 1908 was no less than 277. 

Of the total iron ore produced in Sweden the greater part, latterly 
about three-quarters, is derived from the apatite-iron mines, the remaining 



CONTACT-DEPOSITS 


393 


quarter being fairly fequally distributed between the lean ore and the 
skarn ore. 

At many of the mines in Middle Sweden the poorer ore, separated by 
hand from the richer, is afterwards concentrated, this being accomplished 
almost entirely by wet-magnetic processes. In the year 1908, 23 equip- 
ments operating this prodess were at work by which during that year 
585,000 tons were treated, producing 262,620 tons of concentrate, 156,590 
tons of which were briquetted. Apart from the apatite-iron ore, the hand- 
sorted ore generally contains 50- 60 per cent of iron, or about 53 per 
cent on an average, while that won by magnetic separation contains about 
60 per cent. 

With regard to the depth of these Swedish occurrences, the Ormberg 
mine near Grangesberg is 470 m. deep ; three mines in Wermland, namely 
Asboberg, Dalkarlsberg, and Taberg are approximately 350 m. ; about 
eight are between 250 m. and 350 m. ; many between 200 m. and 250 m. ; 
and a very considerable number between 150 m. and 200 m. 

With regard to extent, the different fields may be compared by the 
total horizontal area of the ore-bodies contained in each, a comparison 
already adopted on p. 274 for the occurrences at Norrbotten. For Middle 
Sweden, Nordenstrom in 1899 reckoned the total superficies of the many 
mines at 298,500 sq. m., in which figure the titaniferous occurrence at 
Taberg in Smaland is not included. The following are some of the 
individual figures; 


sq. m. 

,, , / total .... 90,000 

Grangesberg ^ p^ncipal body . . 40,000 

Norberg, many separate mines . . 30,000 

Dannernora, several mines . . . 12,600 

Striberg ..... 7,()0{) 

Stripa . . . . . . 0,700 

Persberg ..... 4,286 

Strossa ...... 3,200 

Finmossen ..... 2,900 

Skottgrufve, several mines . . . 2,780 

Klacka-LerG^rg . . . . 2,100 

Stallberg 1,580 

^ Svartvik ..... 792 

Nordmarken ..... 1,240 

Taberg in Wermland .... 940 


F. R. I’egengren ^ divided the resources of Middle Sweden into (a) 
ore with less than 0-01 per cent phosphorus ; (6) ore with 0-01-0-()6 per 
cent ; (c) ore with more than 0*06 per cent, including the principal body 
at Grangesberg which has about 1 per cent. He further differentiated 
between cobble ore, raw ore, and concentrate, as in the following table : 

* The Jron-Ore Deposits of the Worldj Stockholm, 1910. 
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Iron Ore op Middle and Southern Sweden 


Phosphorus {Content. 

Cobble Ore. 

Raw Ore. 

Concentrate 

theretrorn. 

Cobble Ore + 
(’oncentrate. 

Under 0 01 per cent . 

19-4 

45-5 . 

28-0 

47«4 

O-Ol -0-06 per cent . 

11-5 

6-1 ‘ 

2-9 

14-4 

0-06 per cent and above . 

.59-3 

20 

1-2 

60*5 

Totals, in million tons . 

90-2 

C.3-6 , 

32- 1 

122-3 


In addition there may be reckoned to be a further reserve of 40*0 
million tons of smelting ore, and at Taberg in Smaland another 50 million 
tons of titaniferous-iron ore from which about 15 million tons of concentrate 
may be obtained. The remaining resources of Dannemora and Persberg 
are about 6 milhon and 1 *3 million tons of cobble ore respectively. 


Zinc-Manganese Deposits of Franklin Furnace and 
Stirling Hill, New Jersey 

LITERATURE 

F. L. Nason. ‘ 'Phc Franklinite Deposits of Mine Hill,’ Trans. Amer. Inst. Min. Eng. 
XXIV. p. 121. — P. Groth. ‘Dio Zinkerzlagerstatten von New Jersey,’ Zeit. f. prakt. 
Geol., 1894, p. 290. — ,1. E. Wolff. ‘ Zinc and Manganese Deposits of Franklin Furnace,’ 
Bull. 21.3, U.S. Geol. Survey, 1903. — .T. F. Kkmp. The Ore Deposits of the United States. 
New York, 190.5, p. 231. — 0. Stutzer. ‘ Die Zinkexzlagerstatto von Franklin Furnace 
in New Jersey,’ B. u. H. Rund.schaii, No. 19, Kattowitz, 1908. 

These deposits bear great resemblance to those which have just been 
described and especially to that of Langban. They are associated with 
an occurrence of crystalline limestone stretching from Orange Co., New 
York, across the north-western portion of New Jersey. This rock, in 
accordance with previous investigation by H. D. Rogers, was formerly 
regarded as Lower-Silurian, but according to the more recent surveys 
and fossil discoveries of F. L. Nason ^ it is more probably O.mbrian. It 
lies upon gneiss and with this rock is intruded by granitic dykes to which 
both the metamorphism of the limestone and the formation of the ore 
are ascribed. The correctness of this interpretation of the genesis is 
however somewhat questionable. 

The deposits at Mine Hill, near Franklin Furnace, and, two miles 
farther south, that of Stirling Hill, near Ogdenburg, are well known. At 
Mine Hill, magnetite occurs in the limestone in the immediate neighbour- 
hood of the contact of this rock with gneiss, while the zinc or zinc- 
^ Geology of New Jersey^ 1890, Vol. XIV. 
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manganese occurrences are found at somewhat greater distances from 
the contact. The deposit at Stirling Hill probably occurs at a somewhat 
higher horizon in the limestone. This rock in the neighbourhood 
of the ore is crystalline and contains crystals of graphite and pyrite 
such as are not found in the ore itself. The form of the ore-bed 
at Franklin Furnace ma^ be seen from Fig. 251. It dips 40°- 
60° and varies in thickness between 7 and 37 m. though on an 
average it hardly exceeds 9 m. Among the ores, frankhnite with 
5*54. per cent of zinc and 7*5 per cent of manganese plays a large part ; 
occasionally the zinc content of this mineral is considerably higher. In 
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Fia. 2.01. — Plan and section of tlie deposit at Fraiililin Furnace, N.J. Nason. 


addition, willemite with 58-5 per cent of zinc and zincite with 80*3 per cent, 
are found. The amount of manganese contained in the hmestone is re- 
markable, reaching according to investigation by F. C. van Dyck as much 
as 16*57 per efent. In places, hornblende, augite, plagioclase, and different 
silicates accompany the ore, and now and then fluorite, rhpdonite, axinite, 
sphalerite, chloanthite, etc. The occasional appearance of jeffersonite 
the zinc-manganese pyroxene, of tephroite the manganese-olivine (Mn, 
Mg).,SiO^, and of ropperite the manganese-zinc-olivine, is particularly 
interesting. 

On an average the ore contains 11*06 per cent MnO, and 29*35 per 
cent ZnO, so that the deposits are equally those of zinc and manganese. 
The present yearly production is above 400,000 tons containing approxi- 
mately 20 per cent of zinc. From this the zinc is first won leaving a residue 
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which contains about 12 per cent of manganese. The occurrence of man- 
ganese in this connection is so considerable as to influence the manganese 
production of the United States. To it the high outputs of manganese ore 
of earlier years in that c.ountry were due, such figures then not taking into 
account the low manganese content of the ore. The exemplary statistics 
now presented by The Mineral Induslry ha^e however since removed 
this reproach. 


CONTACT-DEPOSITS CONTAININO CHIEFLY SULPHIDE 
ORES OF COPPER, LEAD, ETC. 

The Copper Deposits of Arizona 
LITERATURE 

W. Lindoren. ‘The Copper Jloposits of the Clifton-Morenci District, Arizona,’ 
U.S. Geol. Surv. Prof. Paper 43, 1905 ; Trans. Amor. Inst- Min. Eng., 1904 ; reviewed 
Zoit. f. prakt. Geol., 1900, p. 81. 

In describing the important copper district of Clifton-Morenci, the 
second most important in Arizona, the works of Lindgren arc followed. The 
oldest rocks in this district are pre-Cambrian granite and quartzitic schist, 
above wliich follows a sequence of Cambrian, Silurian, Devonian perhaps, 
Lower-Carboniferous, and Cretaceous beds. All of these are intruded by 
a number of eruptive rocks among which granite and quartz-monzonite, in 
part porphyritically developed, are most frequently represented. These 
are of late Cretaceous or of early Tertiary age. Younger than these again 
come lava-flows of basalt, rhyolite, and some of andesite, but these do not 
appear to have had any bearing upon the ore formation. 

Where the granite and quartz-monzonite porphyries cross the Pala3ozoic 
limestones and slates they effect an intense metamorphism which is 
expressed in the formation of garnet, epidote, etc., while within the contact 
aureole itself, extending to a maximum distance of about 650 m. from the 
eruptive rock, important deposits of magnetite occur on th(f one side and 
sulphide deposits of copper and zinc on the other, the geological position 
of which is shown in Fig. 252. Since with increasing distance from the 
eruptive rock no further deposits are found, the conclusion may be drawn, 
as it was by Lindgren, that the material necessary for the formation of 
these deposits, within the inner ring, was suppHed by the intrusion. 

The ores occurring in the contact aureole, and especially in the garnet- 
iferous material resulting from the alteration of the limestone, are chiefly 
magnetite, pyrite, chalcopyrite, and sphalerite. The beds in which 
these are found are often porous. In addition a large number of lodes 
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occur which, cutting equally the porphyry, granite, and sediments, contain 
in depth pyrite and chalcopyrite but have no content of sphalerite and 
magnetite. In the upper levels the Arizona copper deposits in general 
are intensely weathered with the formation of malachite, azuritc, cuprite, 
chrysocolla, hemimorphite, willemite, etc. 

The economically most important of these copper deposits at the 
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present time arc those of Bisbee, which likewise appear to be of contact- 
metamorphic origin,^ an origin which according to L. D. Kellogg^ maybe 
taken to apply also to the copper deposits of the Cochise mining district 
in the south-eastern part of Arizona. 

The Arizona copper deposits are among the most important in 
the world producing as they now do more copper than either the Montana 

1 F, L. Ransome, Trans. Avier. Inst. Min. Eng., Feb, 1903. 

2 Econ Geol. L, 1900. 
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or the Lake Superior district. In 1908 Arizona produced 128,965 long tons 
of copper, Montana 114,040, while Lake Superior was only responsible 
for 99,000 tons. Copper mining in this State, leaving out of consideration 
unimportant operations still older, began about 1880, since when and until 
1908, 1*1 million tons of metallic copper have been produced. Further 
comparisons with other districts have already been given on pp. 198-201. 

According to W. H. Weed ^ the Cananea copper deposits in Mexico, 
near the frontier with the United States and some 80 km. south of Bisbee, 
are also of contact-metamorphic origin. Moreover M. B. Yung and R. S. 
McCaffery ^ regard those of the San Pedro district, New Mexico, as also 
being of this origin. 

The important deposits of copper found in the neighbourhood of an 
occurrence of grano-diorite at Concepcion del Oro, Zacatecas, Mexico, and 
described not long ago by A.Bergeat,®were undoubtedly formed by contact- 
met amorphism. At this place four classes of deposits may be distinguished, 
namely : (1) metasomatic contact-deposits always carrying chalcopyrite ; 
(2) the copper lode, El Placer-Weed, in grano-diorite ; (3) lead-zinc deposits 
in hmestone ; (4) auriferous quartz lodes. Of these four, the first and second 
without doubt and the third in all probability, ale genetically connected 
with the upheaval of the grano-diorite. 

To the group of deposits here described. Weed ^ considers that the 
bronze-coloured copper o^^es found in limestone in the neighbourhood of a 
grano-diorite mass in the Boundary District of British Columbia also 
belong, while according to 0. Stutzer ^ several other copper deposits, some 
lying on the west coast of British Columbia and others in Alaska, are 
also to be regarded as belonging to this class. 

Contact-deposits of a peculiar type were recently described by J. F. 
Kemp and C. G. Gunthur in a paper ‘ The White Knob Copper Deposits, 
MacKay, Idaho/® as occurring in association with granite, quartz- 
porphyry, and limestone. The ore, accompanied by wollastonite, vesuvi- 
anite, epidote, etc., is found within the quartz-porphyry but only a 
hundred or a few hundred metres distant from the limestone. These 
deposits are columnar in shape and resemble chimneys. * 

^ Trans. Ainer. Inst. Min. Eng., Oct. 1902. 

2 Ibid., Oct. 1902. 

2 Neues Jahrb. f. Min. B. B. XXVIII., 1909. 

^ Loc. cit. 

® ‘ Die kontaktmetamorphen KupfererzlagerstattcQ von White llorse am Yukon, 
Kanada,’ Zeit. f. prakt. Oeol., 1909. 

• Trans. Amtr. Inst. Min. Eng., 1908; reviewed Zeit. f. prakt. Geol., 1909, p. 180. 
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The Broken Hill Silver-Lead-Zinc Deposits 
LITERATURE 

E. F. Pittman. ‘ On the Geological Occurrence of the Broken Hill Ore Deposits, 
Records of the Gool. Survey of ,Now South Wales, Vol. HI., Pt., II. Sydney, 18{)2. — 
J. B. Jaquet. ‘Geology of the Broken Hill Lode and Barrier Ranges Mineral Field,’ 
Mem. Geol. Surv., New South Wales. Sydney, 1894 ; reviewed P. Krusch, Zeit. f. prakt. 
Geol, 1897, p. 94. — Beroeat. Written communication concerning Stclzner’s view of the 
place in the classification of ore-deposits, to which the garnet-galena deposits of Broken Hill 
belong. Zeit. f. prakt. Geol., 1907, p. 314. — G. Eisfelder. ‘Dor Silber- Blei- und Zink- 
borgbau in Broken Hill,’ Berg- u. Huttenm. Zeit., 1898, Nos. 48-/51. — R Beck. ‘ Beitrago 
zur Kenntnis von Broken Hill,’ Zeit. f. prakt. Gcol., 1899, pp. 65-71. 


The Broken Hill district in New South Wales lies to the south-east 
of Silverton. It consists chiefly of gneiss alternating on the one hand 
with quartzite, mica, and hornblende schists, and on the other with a 
quartz garnet rock. The age of these rocks is doubtful as all are greatly 
altered and no organic remains have yet been found in them ; probably, 
if not still older, they are Lower-Silurian as 0. S. Wilkinson considers 
them to be. The whole contorted complex is intruded by dykes of 
basic diorite and covertjd in greater part by beds belonging to the Recent 
and Pleistocene formations. 

The famous deposits of Broken Hill though conformably intercalated 
in this complex, are of epigenetic nature. The four principal occurrences, 
which lie close together and in similar geological position, are known 
respectively as Main Broken Hill, Eastern Broken Hill, North Eastern 
Broken Hill, and Western Broken Hill. The principal deposit has the 
form of a saddle, for which reason and following the nomenclature of the 
Bendigo district these occurrences were formerly described as ‘ Saddle 
Reefs.’ In consequence of this form the boundary between the oxidation 
and cementation zones, and that again between the latter and the primary 
zone, is more irregular than is usual with ordinary tabular deposits. 
Near the surface the entire occurrence consists of ironstone ; below 
this, kaolin and oxidized ores appear ; while deeper still it consists of 
sulphides and"* is principally a coarse-grained mixture of dark sphalerite 
and galena. No regular arrangement of these minerals Can be observed, 
so that the primary ore may be described as of coarse intergrowth, though 
in consequence of the small size of the individual crystals this intergrowth 
becomes almost compact. Towards the foot-wall there is generally a sharp 
separation between the ore and country-rock whereas in the hanging- wall 
these pass insensibly from one to the other. In this latter direction also 
small conformable ore-bodies are sometimes found in the country-rock 
itself, though in such cases a connection with the main body is noticeable. 

The manganiferous hmonite at the outcrop of the Main Broken Hill 
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Lode is 20-120 feet wide and may be followed for one and a half 
miles. The Eastern Lode has the same form as the Main Broken Hill 
though, according to Jaquet, its actual cap has been removed by denudation 



and its western limb has 

% 

been annihilated by pres- 
‘ sure. The North Eastern 
Lode at its outcrop some- 
times consists of a hard 
gossan and sometimes of 
a soft mixture of iron ore 
with quartz and alum 
^ minerals. The Western 
,5 Lode has but a short 
western limb and its gos- 
T. san contains cerussite and 
^ occasionally copper car- 
I bonates, which carboimtes 
;; in general are rarely seen 
‘B at* Broken Hill. 

rn 

The sulphide ores are 
£ galena, sphalerite, both 

1 intimately intergrown 

2 with quartz, garnet, fel- 
2 spar, and rhodonite ; and 
‘S more seldom pyrite, chalco- 
I pyrite, arsenopyrite, and 

fluorite. The galena and 
■go sphalerite both contain 
1 silver. A garnet-quartz 
*1^ rock containing 150-1800 

5 grm . of silver per ton occurs 

6 together with the ore. 
^ The averagS ore contains 

5-7 })er cent of lead, 
14-30 per cent of zinc, 
and 150-1200 grm. of 
silver per ton. The 
cementation ore forming 
but a narrow layer from 


3 inches to 3 feet in thickness may assay as much as 8000 grm. of silver 
per ton with 12 per cent of copper. 


The principal oxidized ores are limonite, hsematite, psilomelane, 
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rhodonite, cerussite, cerargyrite, native silver, together with kaolinized 
felspar, garnet, etc. Smithsonite only occurs to a lesser extent. The 
lead carbonates contain 20-60 per cent of lead and 150 2500 grm. of 
silver per ton. High-grade ‘ dry ore ’ consisting of kaolin with some 
garnet-quartz, contains 120-9000 grm. of silver per ton with about 
3 per cent of lead. Low-gfade ‘ dry ore ’ usually has 150-1200 grm. of 
silver per ton. 

As already mentioned, these Broken Hill occurrences were formerly 
regarded as saddle lodes which by lateral secretion had become filled with 
sulphide ores, this description having been put forward especially by Pitt- 
man and Jaquet. Krusch in reviewing the work of these two authorities 
is inclined to regard the deposits as true beds which have suffered folding 
and tilting in common with the surrounding gneiss. Bergeat endorses 



Fia. 25i . — Section of tin* Main Brolieu Fio. 255. — Section of tlic Main Broken Hill lode 
Hill and the Western Broken Hill lodes showing secondary depth-zones. Jaquet. 

Jaquet. 


the view of Stelzner who also regarded these occurrences as ore-beds. In 
relation to their genesis, he compares them with Schwarzenberg in Saxony, 
Pitkiiranta in Finland, Travcrsella in Piedmont, etc., and brings all 
these deposits together under a type which he designates as the Schwar- 
zenberg - Per s berg type corresponding, though on somewhat broader 
lines, with the pyroxene-garnet-pyrite-blende formation of Breithaupt. 
He remarks particularly however that this type of deposit is of all the 
most difficult to satisfactorily explain. Beck in the third edition of his 
book, basing his views upon the investigation of specimens, classes these 
deposits with the epigenetic ore-beds, as those specimens in his opinion 
contained evidence of a derivation from bedded lodes of the garnet sub- 
division of the pyrite-zinc-lead group in crystalline schists, the specimens 
exhibiting at the same time some metasomatic replacement of the country- 
rock. Bergeat in his Lagerstattenkhre placed them with the ore-beds. 

VOL. I 2d 
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The occurrence of typical contact minerals intimately intergrown 
with the ore, the undoubted epigenetic character of the deposits, and the 
great similarity they possess with such typical contact-deposits as those of 
Schwarzenberg, in our opinion justify for these Broken Hill lodes a place 
with the contact-metamorphic deposits, though it must be admitted that 
the question of their genesis is not thereby definitely settled. 

The first discoveries in the district, namely of cerargyrite, were 
made in the year 1884, following which the town of Broken Hill was founded 
in 1886. From 1889 to 1896 the Broken Hill Proprietary Co., the most 
important company there, produced 290,000 tons of lead and 2*25 million 
kilograms of silver. The yearly lead production of the whole district 
amounts to about 117,000 tons or approximately one-ninth of the world’s 
total. According to Krusch^ that of the Broken Hill Proprietary in 
1905 amounted to 67,062 long tons, while the Sulphide Corporation for 
the same year was responsible for 22,246 tons. In 1907 the figures were 
54,168 tons and 22,394 tons respectively. 

The silver production of the Broken Hill Proprietary in 1906 was 
5,007,698 oz. or 155,700 kg. The district employs 9500 workers. On an ^ 
average the ore at the 1100 ft. level, where the , deposit is 65 feet wide, 
carries 17 per cent of zinc, 19 per cent of lead, and about 400 grm. of silver 
per ton. 


The Contact-Deposits of Kupferbero in Silesia 
LITERATURE 

Websky. ‘ Ober die j^cognostiachen Verhaltnisse der Erzlageratiitten von Kupferberg 
und Rudelstadt i. Schl.’ Zeit. d. D. Geol. Ges. Vol. V , 1853, p]). 373-438. — P. Krusch, 
‘ Dio Klasaifikation der Erzlagcratatten von Kupferberg i. Schl.’ Zeit. f. prakt. Geol., 
1901, pp. 226-229. — A. Sachs. Die Mincralschatze Schlesiens, 1906, p. 24. 

These occurrences, the situation of which is indicated in Fig. 50, lie in 
that area of hornblende-schists which to the west is bounded by the biotite- 
granite of the Riesengebirge and to the north by the so-called ‘ green- 
schists.’ The hornblende rocks, referred to by Websky as^diorite-schists, 
strike generally about E.vS.E. and dip steeply, sometimes as much as 85°, 
to the N.E. fn composition and structure they often greatly resemble 
the hornblende-schists occurring at Schwarzenberg in Silesia as part of the 
contact rocks appearing there. Moreover within an intercalated bed of 
mica-schists Merensky, the mining engineer at one time in charge of the 
operations at Kupferberg, found an occurrence of spotted schists which he 
regarded as additional evidence of contact-metamorphism, while as these 
schists, broken through by quartz-porphyry, he immediately on granite, 


^ Untermckung und Bmvertung der Erzlagerstdtten, 1907. 
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probably no mistake is made if such contact-metamorphism be ascribed 
to that rock. 

The ore-deposits in the neighbourhood of the granite, similar to those 
of Schmiedeberg also in Silesia, are bed-like. They sometimes carry 
magnetite with hornblende, epidote, 


etc., sometimes a mixture of mag- 
netite with sphalerite and pyrite, 
and sometimes pure pyrite. To 
this group the Einigkeit Lode 
belongs, this consisting principally 
of pyrite, fibrous hornblende, prase- 
quartz, chlorite, pyrrhotite, and 
chalcopyrite. At Wolf’s Shaft, rod- 
shaped crystals of lievrite inter- 
grown with hornblende and mag- 
netite have been found. 

Farther from the granite and 
in the eastern portion of the district 
copper lodes occur, m«st of which 
have a gangue consisting chiefly of 
hornblende and chlorite, though 
others have quartz only. To 
the first belong the Abend Lode of 
Neuadler which strikes N.S. and 
dips 80° to the west ; the Morgen 
Lode at the same place striking 
S.S.E. and dipping steeply to the 
east ; and the Juliana Lode. The 
other lodes striking a little north of 
east form a group which is decidedly 
younger. Among these the Rosen- 
stiel Lode belongs. The ores in both 
cases are chalcopyrite, bornite, etc. 

These in the upper levels had a 
considerable silver content. 

These Kupferberg deposits, with the exception of the younger lodes 
just mentioned, were formed by contact-metamorphism, which in tins case 
therefore not only gave rise to deposits of the Schwarzenberg type 
but to lodes at the same time. It is unfortunate therefore that mining 
operations upon these interesting deposits have now practically ceased. 

Iron ores and auriferous copper sulphides also occur together at a 
place called Springs situated on the river Calgour in Queensland at the 
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contact between granite and crystalline limestone and in a wollastonite 
garnet-quartz rock. 


Reichenstein in Silesia 
LITERATURE < 

R. B. Hare. ‘ Dio Serpentinmasse von Reichenstein und dio darin vorkommenden 
Mineralien,’ Inaug. Dias., Breslau, 1879. — H. GuVj’ler ‘ Reichcnsteiner Arsenik,’ Berg- 
und Huttenwork Reicher Trost, 1893. — Fauuiabkr. ‘ Dio chemalig schlesischo Gold- 
produktion mit besondorer Bcrucksiclitigung des Reichonstoiner Bergroviers,’ Inaug. Diss., 
1896. — 0. Wjenecke. ‘ tlbor dio Arscncrzlagerstatten von Reichenstein,’ Zeit. f. prakt. 
GeoL, 1907, p. 273; Hoinzcscho Chronik iiber dio Bergstadt Reichenstein, 1817. — E. 
PoSepni^. Archiv fur jjraktischc Geologie 11., 1895, p. 322. — ,1. Roth. Erlauterung 
zur geognostischen Karto von Niederschlcsien. Berlin, 1867.— C. Guttler. ‘ Uber dio 
Formcl des Araenikalkie.scs zu Reichenstein in Schlcsicn und dessen Goldgehalt,’ Inaug. 
Diss., Breslau, 1870. 

The occurrences at Reichenstein extend from the north slope of the 
Riesengebirge to the foot of the Jauersberg, and between the Schlacken and 
Glatz valleys. This area consists of mica-schists which to the south-east 
give place to gneiss and to the north-west alternate with hornblende-schist, 
syenite, and gneiss. The schists are all highly altered, much tourmahne 
now occurring in them. In the mica-schists near Reichenstein, varying 
thicknesses of hmestone and serpentine occur accompanied by a large 
number of irregular ore-bodies or lenses. Of these the most important 
is an ore-bed worked by the Reicher Trost mine, the presence of which is 
marked on the surface by old workings extending 1200 m. in a south-west 
direction from the Esel Pit to the Follmersdorff Road. This bed is con- 
formable to the enclosing schists and pitches 30°-40° to the south-west. 
The ore-body, which on the fourth level was proved to be 140 m. long, 
diminished in greater depth till on the ninth it was but 44 m. in length. The 
width in places reaches as much as 35 m. The peculiar form of this occur- 
rence is probably due in great measure to disturbance. The ores, of which 
lollingite is the most important while arsenopyrite is subordinate, occur 
either as fine needles intimately intergrown with contact minerals, or in 
veins. Leucopyrite having a composition variousl} put at Fc^As^, Fe.^As^, 
or FCjjAs^, may also be distinguished. The gold content of these ores is 
important though it varies tremendously. Wienecke has placed that of 
leucopyrite at 28*6 grm. per ton, that of lollingite at 23*7 grm., and that of 
arsenopyrite at anything between 5-2 and 34-8 grm. 

On account of their connection with serpentine these deposits were 
at times formerly regarded as magmatic segregations. As however they 
are only found in the contact aureole of the Jauersberg granite, and the 
presence of diopside, titanite, orthoclase, vesuvianite, apatite, and fluorite 
indicates a close connection between the eruptive rock and the deposits, 
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the authors, with Wienecke, consider that contact-metamorphism is the 
most probable genesis. At the first stage dolomite and dolomitic limestone 
were altered to diopside, the arsenides, and titanite, and then according 
to Wienecke, the hmestoiie and diopside by later mineral solutions, 
became further changed to serpentine. 

Mining operations began in the year 1270 when gold was tlie metal 
sought. Afterwards in the eighteenth century the deposits were exploited 
for arsenic, while it has only been since 1859, the year of the successful 
application of the chlorination process, that both the gold and the arsenic 
have been won. To-day at Reichenstein a considerable amount of arsenious 
acid, As^^Oj^, is produced. The total production of this substance in 
Germany was in 1900 approximately 5000 tons. 


ST ANNIE RROUS CONTACT-DEPOSITS 

PiTKARANTA IN FINLAND 
. LITERATURE 

0. Trustkut. ‘ Die Erzlagorstatten von Pitkaranta am Ladogasee,’ Bull. Comm, 
geol. t'inlande, No. 19, 1907. — A. E. Toeneboum. Ceol. Fdroii. Fdrh. XIll., 1891. 

The country at Pitkaranta on the north side of Lake Ladoga 
consists of granite -gneiss of jne- Ladoga age conformably overlaid by 
Ladoga schists. Among these latter, hornblende -schist, mica-schist, 
gneiss, etc., and three beds of an impure limestone which in places contains 
much magnesia, are especially noticeable. It is within these limestone beds 
that the ore is principally found. All these rocks, as illustrated in Fig. 
257, are intruded by a large occurrence of Rapakiwi granite of Jotnian age, 
termed the Ladoga Rapakiwi, which on surface has a length of 75 km. 
and a width of 30-45 km., in addition to which it is considered to extend 
as a flat lacc.olith beneath the covering of schists. 

In the nniin, three classes of ore may be distinguished : (1) magnetite 
without titanic acid, with low amounts of manganese and phosphorus, 
but generally with 0-2-2 per cent of sulphur; (2) tin ore; (3) copper 
ore, chiefly chalcopyrite and pyrite, the latter with an amount of silver 
equal to about one five - hundredth that of the copper it contains. 
Sphalerite, galena, native bismuth, etc., also occur in small amount. 

The deposits, though cassitcrite and chalcopyrite occur to a smaller 
extent in dykes of granite-pegmatite and in impregnated schists, are found 
chiefly in limestone, with which speaking generally they are conformable, 
as indicated in Fig. 257. The most important of them, those for instance 
of the Omeljanoff-Klee complex in the old district of Pitkaranta, attain 
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a length which at times is as much as 800 m., while the width, which 
is generally 2-3 m., occasionally reaches 8-12 m. The ores are inter- 
grown with skarn which here consists chiefly of salite, that is a 
variety of diopside, and garnet ; with epidote, grammatite, vesuvianite, 
chondrodite, serpentine, quartz, calcite, etc., or more briefly the usual 
contact minerals. 

Tornebohm in 1881 from the bedded character of the magnetite, drew 
the conclusion that tliis ore was of sedimentary origin, while he regarded 
the tin and the copper ores as of later formation. Triistedt however 



Fl<!. 257. --Map of tlu; Ilopuiivanra licld near Pitkaranta. Triistedt. 
n'/, Wu, Wm, Winbprg I, n, in ; KU, Khr, Kllll, Klara T, II, III ; the slialt is at ilopunvaara ; Jl, lieck. 


considers the magnetite also to be epigenetic. It forms for instance 
pipe-like ore-bodies with crustification, similar to those illustrated in 
Fig. 60, a form of occurrence which postulates a gradual deposition of both 
ore and gangue* from solution. The limestone moreover has been altered 
into ore more particularly along the fissures and fractures by which 
the solutions were able to penetrate. According to Triistedt therefore 
all the ores have been formed by contact-metamorphic processes closely 
associated with the intrusion of the Rapakiwi granite. 

The sequence of age is as follows : (1) magnetite ; (2) cassiterite ; 
(3) chalcopyrite. With the cassiterite, as is so often the case with tin 
ores, a subordinate amount of scheelite occurs. Topaz also has been 
seen, though only under the microscope, and with it fluorite. The 




CONTACT-DEPOSITS 


407 


presence of greisen has 
also been observed here 
and there. The different 
stages in the formation 
of skarn and ore as in- 
terpreted by Triistedt, are 
given in Fig. 258, where 
the several diagrams 
represent the assumed 
course of events in the 
case of the Klara series 
of the , Ilopunvaara 
district, which series 
carries iron ore only. 

Mining which began 
in the beginning of the 
nineteenth century, after 
alternating periods of 
activity and idleness, 
finally stopped in 1904. 
The total production from 
1814 has been some 
quarter milhon tons of 
iron ore, 6617 tons of 
copper, 11*2 tons of sil- 
ver, and 489 tons of tin. 
The total amount of 
ore hoisted in the old 
district has been 
883,380 tons ; in the 
new district 34,383 tons ; 
in the Hopunvaara 
district 34,lb4 tons ; and 
in the Lupikko district 
147,585 tons. The first 
of these districts was 
almost exclusively the 
source of the copper 
and tin, while the last 
three were to an equal 
extent responsible for the 
iron. 


Intlltratiou of the 
ssihte-skaiu into 
1 1 mestono-dolomite. 


Folding of the linie- 
stono bieiikuig the 
hkarn to fragments. 


Hounding of the 
skarn liagmont.s at 
serpimtinization. 



Replacement 
of the hniestono 
at nuneialization. 


lY 



Advanced 
mim-ralizution 
with the skarn- y 
serpentine inclusions 
iiiamtained. 



Fig. 268. — Assumed course of mineral i/.atiou in tlie case at 
the Pitkaranta contact-deposits. Trustedt. 


L, Limestone ; Sk, skarn ; Sp, serpentine ; Fe, iron ore ; 
Jib, hornblende-schist. 
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SWARZENBERG IN THE SaXON ErZGEBIRGE 
LITERATURE 

Freih. von Beust. ‘ Uebor dio wahre Bedeutung dor sogenannten Erzlager bci 
Schwarzenbcrg,’ Cotta’s Gangstudien 111., 1860, p. 244.— H, Muller. ‘ Der Erzdistrikt 
von Schnocborg,’ ibid. p. 177. — F. Sciialch. ErlaiitorUng zur Sektion Schwarzenborg 
dor goologischen Spezialkarto ; ore-deposits mapj)ed by H. Muller, 1884. — K. Dalmer. 
‘ Die Erzlager von Schwarzenbcrg im Erzgebirge,’ Zoit. f. prakt. Geol., 1897, p. 205. — R. 
Beck. ‘ Uber die Erzlagcrstatten von Schwarzenbcrg,’ Zeit. d. D. Geol. Ges., 1900, 
pp. 58-60; ‘ Uber die Erzlager der Umgebung von Schwarzenbcrg,’ Pt. I., Jahrb. f. d. 
Berg- u. Huttenw. im Konigr. Sachsen, 1902, pp. 51-87 ; Pt. II., ibid., 1904, p. 56. 

The country at Schwarzenberg, going from hanging-wall to foot-wall, 
consists of parallel folds of phyllite, mica-schist, and aiigen-gneiss, which at 
Rackelmann and Galgenberg are broken by granite, the intrusion of which 
was accompanied by extensive contact-metamorphism. Into the question 
of the ore-deposits the mica-schist formation alone enters. 

These deposits, it is interesting to note, are arranged in two concentric 
rings around the granite, which rings coincide with occurrences of meta- 
morphic crystalline limestone and dolomite. The deposits are further 
accompanied by pyroxene represented by salite, by amphibole, and to a 
lesser extent by garnet, quartz, epidote, chlorite, mica, fluorite, vesuvianite, 
etc. The general geological position of the occurrence is shown in Fig. 47. 

Beck considered the bedded and banded occurrences of magnetite in 
the limestone and in the salite-actinolite rock as being the most important, 
though at the same time sulphide zinc-lead-copper ores and silver-cobalt 
ores occur as well as those of tin. In consequence of the intimate intergrowth 
of the magnetite with these different minerals the ore mined changes so 
much that many a mine has at different times of its existence been worked 
successively for iron, for copper, or for argentiferous lead. The ore occurs 
either as compact masses or as veins occupying the interstices between the 
silicates. 

F. Schalch and A. W. Stelzner regarded these deposits as Archaean, 
and formed simultaneously with the mica-schist. K. Dalmer, as the 
result of investigation in 1897, came to the conclusion that the deposits 
stood genetically in close connection with the contact -metamorphism 
occasioned by the granite intrusion, a view in agreement with that formerly 
advanced by von Beust and H. Muller. According to Beck the true 
contact minerals to be seen are somewhat older than the ores, which 
latter appear to have been formed at the same time as the quartz and 
fluorite. The arrangement of the ore in shoots related to fissures is re- 
markable. 

In the St. Christoph mine near Breitenbrunn an extensive lode of 
lollingite occurs. In this same neighbourhood particularly, cassiterite also 
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is found, this ore probably having resulted by impregnation from the 
above-mentioned fissures. 


Berggiesshubel 

LITERATURE 

R. Beck. Erlauterungen zu Soktion Berggiesshubel dor geologischen vSpczialkarte 
von Sachsen. Leipzig, 1889, p. 25. — H. Muller. t)ber die Erzlagerstatten der Umgegend 
von Berggiesshubel. Leipzig, 1890. 

Berggiesshubel lies among the hills of the Elbe valley in south-east 
Saxony. The country consists of phyllite and of Devonian beds intruded 
by granite bosses of which the Markcrsbach granite is that best known. 
These intruded beds, particularly the Devonian, are highly altered by con- 
tact-rnetamorphism, while the granite itself is traversed by bands of zwitter. 
The hornstone, hornschiefer, knottcd-schists, actinolite schists, and the 
salite-garnet rock derived from beds of limestone alternating with schalstein 
and now found associated with the beds of magnetite, are widely known. 
With the magnetite, sulphide copper ores such as chalcopyrite, bornite, 
chalcocite, and tetrahMrite occur, and more seldom, galena, sphalerite, 
arsenopyrite, and pyrite. An interesting feature of this occurrence is that, 
just as was tlie case at Kupferberg, lode-like deposits of copper ore 
accompanied by stanniferous veins are known. Berggiesshubel forms 
therefore a connecting link between Kupferberg and Schwarzenberg. 

Limonite and cassiterite are also found together in a Mesozoic hme- 
stonc at Cava del Fumacchio near Carnpiglia in Tuscany. In the neigh- 
bourhood of this occurrence B. Lotti has demonstrated the existence of 
a mass of tourmaline-granite probably of post-Eocene age.^ 


The Ore-Deposits at Campiglia Marittima, Tuscany 
LITERATURE 

G. VON Rath. ‘ Dio Bcrgc der Campiglia in der toskaiiischen Maremme,’ Zeit. d. D. 
Geol. Ges., 1868, Vol. 22, p. 307.— B. Lotti. ‘ Le Roccio eruttive ^Idspaticho di Cam- 
piglia Marittima,’ Boll, dol R. Comit. geol., 1887, Nos. 1 and 2 ; ‘ Sulla Genesi dei giacimenti 
metalliferi di (’ampiglia Marittima,’ Boll, del R. Comit. geol., 1900, No. 4. — Alfred 
Beroeat. ‘ Beitrago zur Konntnis der Erzlagerstatten von Campiglia Marittima (Toskana) 
insbesondero des Zinnsteinvorkommens dortsolbst,’ Neues Jahrb. f. Min. Geol. Pal., 1901, 
1. p. 135. 

These deposits lie in a zone 5 km. long, which extends from Monte 
Valerio to Monte Calvi, these hills being respectively 264 m. and 646 m. 

1 B. Lotti, Boll. Com. geol., 1887; A. Gurlt, K. Dalmer, Zeit. f. prakt. Qeol, 1894, 
])p. 324 and 400 respectively. 
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high. Bergeat distinguished two groups ; the first, lying some 2 km. 
north-west of the town, being stanniferous ; and the second at a distance 
of about 4 km. carrying the sulphide ores galena, sphalerite, pyrite, and 
chalcopyrite, these ores having been mined at Temperino, near Rocca 
San Silvestro, and at Casa Lanzi. 

The sulphides are found in the neighbourhood of quartz-trachytes, 
and are associated with such contact minerals as epidote, chlorite, lievrite, 
manganiferous pyroxene, quartz, and felspar. They occur in the closest 
connection with fissures and joints in Triadic and Liassic limestones which 
have been altered to marble by the intrusion of the eruptive rock. No 
doubt therefore exists that these are contact-deposits. 

The tin deposits of Monte Valerio and Monte Fumacchio are found in 
a reddish limestone belonging probably to the Middle Lias, and are overlaid 



Jjas, AiiKito, quartz, SoIkI Augitc- Qiiutt/- Quart/ Quartz- 
marble. tluorito, lun- lieviitti porpli>ry. epidote wall. I>orpliyiy. 

rite, sulphide, chiefly. rock, 

calcilc. 

Fid. 259. — Section at the Coquand Sliall, Tciiiperiiio near Caiiipigha. Bergeat. 


by slates of the Upper Lias. The tin is associated with limonite which 
occurs either as a true lode-filling in the slates or as a metasomatic deposit 
in the limestone. Sometimes a connection with fissures may be established, 
but at other times the occurrences are quite irregular and no such 
connection is apparent. The limonite according to determinations by 
Bergeat contains 44-59 per cent of iron, 0 11-0*29 per cent of 
manganese, a little aluminous impurity, and a distinct phosphorus content; 
presumably therefore it represents altered pyrite. Cassiterite often appears 
at Monte Valerio in the south-west portion of the district, but at Cava Gotti 
and Temperino on the other hand, the hmonite is free from tin. Wherever 
found the distribution of the cassiterite is irregular. Bergeat found 
crystalline aggregates arranged parallel to the walls, though not in layers 
sharply distinct from the limonite. It is of interest to observe that this 
cassiterite bears no resemblance to the variety known as wood-tin. 

Although these deposits but little resemble the well-known types 
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of tin deposits, and may only be compared with those tin lodes in the Malay 
Peninsula which occur in limestone and are distinguished by carrying 



Fid. 260. — Stanniferous linionite from Cento Cainerelle near Canipiglia. Bergeat. 


pyrite, nevertheless, containing tin as they do, they may be regarded as 
connecting links between the contact-deposits on the one side and the 
tin deposits proper on the other. 



LODES, IRREGULAR CAVITY-FILLINGS AND 
METASOMATIC DEPOSITS 

The Tin Lodes 

LITERA'J’URE 

A. Daubr^e. ‘Sur le giscmcnt, la constitution et rorigino tics amas do mineral dY'tain,’ 
Ann. des mines 3, XX., 1841; Etudes synthetiques do geologic oxyierimentalc. Paris, 1879. 
— Elik de Beaumont. ‘Notes sur les emanations volcaniquos ct metalliferes,’ Bull, do la 
Soc. Geol. de Franco 2, IV., 1847. — E. Keyer. Zinn, eino gcognostisch-montanistisch- 
historischo Monographic. Berlin, 1881. — J. H. L. Vogt. ‘ ()ber die (lurch jmeumato- 
lytischo ProJX!Ssc an Granit gebundenen Mineralneubildungen,’*'Zeit. f. prakt. Geol., 1894 ; 
‘ t)ber die Zirmsteinganggruppe,’ ibid., 1895. — H. Louis. ‘ 'Pho Production of Tin,’ 
Mining Journal, London, 1899. — F. L. Hess and L. I). Graton. ‘ The Gcciirronce and 
Distribution of Tin,’ U.S. Gool. Survey, 1906, Bull. 260. — S. Fawns. ‘ Tm Deposits of 
the World,’ London, 1905. — J. Roth. Allgcmciue und chemische Geologic, III., 1890. — 
F. ZiRKEL. Lehrbuch tier Petrographic, JL, 1894. — H. Rosenbuscii. Microskopischo 
Physiographic dor Gesteinc, 1908. — W. Lindoren. ‘ Molasomatie Processes in Fissure- 
Veins,’ Trans. Amcr. Inst. Min. Eng., 1900. — A. von Groddeck. ‘ t)ber die Zinnerzlagor- 
statte des Mount Bischoff in Tasmanien,’ Zeit. d. D. Geol. Ges., 1884, 1886, 1887. — W. von 
Firoks. Ibid., 1899. — W. Salomon and H. His. ‘ Korniger Topasfels im Greisen bei 
Goyer,’ ibid., 1888. 


Tin lodes are characterized by their constant connection with granite or 
exceptionally with the dyke and lava equivalents of granite ; by their 
richness in fluorine- and boron minerals; and finally, by the piieumatolytic 
metamorphism of the country-rock resulting in the formation of greisen. 
The lodes themselves have been filled by piieumatolytic processes repre- 
senting the after-effects of the granite intrusion, whence it follows that the 
characteristic mirrerals of this filling were without doubt derived from the 
granite while this was still in a molten condition, probably by the action 
of dissolved fluorides, etc. . 

As pointed out by A. Daubree and Ehe de Beaumont as far back as 
the ’forties and later confirmed by numerous other authorities, true tin 
lodes — the tin-silver lodes of Bolivia not being regarded as therein included 
— whether they occur in the Erzgebirge or the Fichtelgebirge of Germany ; 
in Cornwall, Brittany, Central France, Spain, Portugal, Finland, Malacca, 
or the East Indies ; in the different Australian States or South Africa ; 
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ill North America or the Argentine, — are all connected with granite. 
Exceptionally, at Mount BischofE in Tasmania and at Durango in 
Mexico the connection is with quartz - porphyry and rhyolite, these 
two rocks representing respectively the dyke and lava equivalents of 
plutonic granite. Since tin lodes are generally found partly in the 
country-rock immediately surrounding granite and partly in the peripheral 
portions of the granite itself, their derivation as contact effects of acid 
eruptive rocks is evident. The further fact that hitherto tin lodes have 
nowhere been found genetically dependent upon basic rocks undergoing 
consolidation, is also deserving of emphasis. 

Mineralogically, tin lodes are remarkable for their striking uniformity. 
The characteristic gangue minerals are quartz and different fluorine-, 
boron-, and phosphorus minerals. Among these, fluorite and lithia-mica 
are the most frequent, the latter being represented by the two minerals 
zinnwaldite and lepidolite, both of which contain fluorine. Other micas 
also occur but less frequently. Tourmaline the boron -silicate is also 
frequent, after which come axinite and datolite ; topaz, occasionally 
developed as pyknite ; apatite and such other phosphates as amblygonite, 
triphyline, monazite, efic, ; and less frequently beryl, phenakite, gilbertite, 
nacrite, steinmark, and kaolin, the latter minerals being secondary. Barite, 
calcite, etc., occur but seldom. Among ores, the most frequent companion 
of cassiterite is wolframite, while the other wolfram minerals scheclite and 
stolzite, the at - times auriferous sulphides arsenopyrite and pyrite, 
the sulphide copper ores, bismuth- and uranium ores, specularite, and 
magnetite, are in general more seldom, though exceptionally the last- 
mentioned iron minerals are of frequent occurrence in the Straits Settle- 
ments and the East Indies. Now and then, columbite, tantalite, rutile, 
anatase, etc., are found, while in some lodes stannite occurs sparingly. 
Genetically the boron-tin mineral, pageite, recently demonstrated by A. 
Knopf ^ to occur in the tin district of Alaska, is highly interesting. 

Stolzite, the lead-wolframate, is certainly always secondary, as is also 
scheelite the lime-wolframate, and such phosphates and arsenates as wavel- 
lite, limc-uranite, copper- iiranite, pbarmaco-siderite, etc. 

Minerals containing fluorine, such as fluorite, different micas, topaz, 
tourmaline, fluor-apatite, etc.; containing boron, such as tourmaline, axinite, 
datolite, zinnwaldite and lepidolite; phosphorus,^ such as apatite and other 
phosphates ; wolfram and lithium, such as lithia-micas, sometimes also 
spodumene, lithia - tourmaline, and the lithia phosphate, triphyhne ; 
beryllium, such as beryl and phenakite; arsenic and sulphur, subordinately ; 
uranium, niobium, tantalum, molybdenum, etc., rarely ; and finally in 
some districts copper also, are especially distinctive of tin lodes. 

1 U.S. Oeol Surv. Bull. 368, 1908. 
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Another distinguishing feature of these lodes is the alteration of the 
immediate country-rock to greisen, mica-rock, quartz-rock, luxuHianite, 
tourmaline-rock, topaz, zwitter, cassiterite, and such like ; and in some 



Fins. 261, 262. — Sliowiiij; the relation of cassiterite veins, greisen, ainl granite in Cornwall. 

Neve Foster. 

districts also to kaolin. Such alteration is illustrated in Figs. 201 and 202, 
the latter indicating the complete transformation of the rock between 
two veins when these occur close together. It results more usually 
in the formation of greisen, a rock consisting chiefly of quartz and mica 



Fhn. 263. — Shomng the alteration of hiotite (/>) to muscovite {in.) with the separation of 
epi<lote (f'j )) ; magnified ten times. Vogt. 

with some cassiterite. In tliis alteration the felspar particularly is destroyed, 
though at the same time the magnesia-mica is altered to lithia-mica or to 
potassium-mica, this latter change being illustrated in Fig. 263. 

The effect of this alteration upon the chemical composition of the 
rock may be gathered from the analyses given on the next page. Of 
those, Nos. la and 16 ‘are from Altenberg, after K. Dalmer ; while Nos. 
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2a, 2&, and 2c are from New England, New South Wales, after L. A. Cattou. 
A comparison of these analyses shows that the change, at least very often, 
consists in the removal of Na^O and K^O especially, and to a less extent of 
CaO and MgO, while on the other hand some iron appears to be introduced. 
Mineralogically the greisen No. 16. consists of 50*28 per cent of quartz, 12*14 
per cent of topaz, 36*8 per sent of mica, and 0*43 per cent of cassiterite, in- 
dicating that in this case a remarkable alteration has taken place mineralogi- 
cally without any substantial amount of material having been either removed 
or added. Cases there are in number however where a thorough chemical 
rearrangement has been accompanied by the addition of some constituents 
and by the complete or almost complete removal of others. With strong 
silicification a quartz-rock is formed ; with the plentiful formation of mica. 



Oranlte 

No. la. 

(Ireisen 

No. l/>. 

(Iranito 

No. 2a. 

(JrcLsfn 
Inlermodiate 
Sta^e No. 2&. 

f ireisen ' 

No. 2c. 

SiO^ .... 

74*68 

70*41 

76*69 

76*42 

78*47 

TiO, .... 

0*71 

0*49 


0*16 

0*22 

SnO.^ .... 

0*09 

0*49 1 


0*22 

0*08 i 

AljOs .... 

12*73 

14*86 

10*89 

12*98 

11*60 

.... 

• ... 

1*42 

0*76 

1*66 

2*64 

FcO . . . . 

3*00 

6*09 

0*39 

0*58 

1*06 

MnO .... 


0*29 




MgO .... 

6*35 

0*09 i 

0*18 

6*^3 1 

6*49 

CaO .... 

0*09 

0 21 

1*73 

0*10 

Trace 

KjO . . 

4*64 

3*01 

2*97 

1*62 

1*17 1 

Na^O . . . 

1*54 

0*98 

5*35 

3*06 S 

1*99 

F . . . 


3*10 

2 

2 

... * 

H 2 O .... 

i*i7 


6*50 

1*78 i 

1*40 

FcS2 .... 




1*69 i 

0*80 

Total 

99*60 

100*44 

99*46 

99*48 

99*81 ; 


1 As eassiteritt! 0 13, in mica 0 U6. “ Presence not ostablislied. 


a mica-rock ; while with boric acid in large amount tourmaline-rock 
arises. Of particular interest in this connection is the phenomenon of 
topazification, that is the more or less advanced alteration of the country- 
rock along the lodes to topaz. This has been established in more than 
one occurrci^ce. Valuable information concerning the topazification of 
the quartz- porphyry at Mount BischofE has been given by von Groddeck 
and von Fircks ; concerning that at Geyer in Saxony, by Salomon and 
His ; and concerning that at Altenberg-Zinnwald, by Dalmer. Schroder^ 
has lately described the Topaz-Brokenfels and *the topazified porphyry of 
Schneckenstein in Saxony; while the topaz-rock of Auerbach, likewise con- 
nected with tin lodes, was described by Breithaupt as far back as 1854. 
Finally, at times a fluoritization of the country-rock, consisting in the 
formation of much fluorite, takes place. 

* Erlauterung zur geologischen Karle von Sachsen, Blatt Falkenstein. 
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When a notable amount of cassiterite is introduced and arranged 
in fine-grained modifications in greisen, the rock is known as ‘ zwitter,’ 
a designation which gives way to that of ‘ tin -rock ’ when the tin content 
is still higher. Not infrequently the greisen, or the altered rock whatever it 
may be, is strongly impregnated with cassiterite, while the vein itself, as 
illustrated in Fig. 264, is limited to a narrow fracture. Such a fracture 
having provided the means of access for the material forming the impregna- 
tion, is known as an ‘ impregnation fracture.’ 

With such alteration of granite to greisen, mica-rock, etc., complete 
pseudomorphs of the constituent minerals 
are often to be observed. The best known 
are those of cassiterite and to a less extent 
those of quartz, after felspar. Such have 
been found at different places in Corn- 
wall. Those of tourmaline after felspar, 
of cassiterite and topaz after quartz, 
etc., also deserve mention. Such pseudo- 
morphs indicate that the alteration of the 
rock in which they occur rnusb have pro- 
ceeded by metasomatic processes when the 
rock was already solid. 

Curiously enough the cassiterite crystals 
of different fields exhibit divergent habit, 
sometimes widely so. In this connection 
F. Becke ^ distinguished the following three 
types: (1) the Erzgebirge type of thick short 
crystals almost all twinned, often with twins 
repeated, and sometimes many times re- 
peated ; (2) the Cornwall type of slender 
prisms, the habit of needle-tin ; (3) the Pit- 
karanta type of ditrigonal pyramids and prisms, twins seldom occurring. 
W. Kohlmann ^ has however shown that such a division cannot always 
be insisted upon, as transition and intermediate types appear. The 
cassiterite from the Straits Settlements for instance, in so far as the 
habit of its crystals is concerned, stands between the Erzgebirge and the 
Cornwall types. 

Tin ore occurs not only in true lodes but also occasionally along 
original joints and contraction-planes. The ore for instance in some of 
the Erzgebirge mines within the granite area, is found upon horizontal or 
gently inclined planes. The deposits at Zinnwald illustrated in Fig. 265 



5m. 


Ft(K 264. — Impregnation fracture 
with concomitant greisen formation 
in granite. Oollins. 


1 Tuchermaka Min. Mitt., 1877. 
Groths, Zeit. f. Krist. u. Min. XXIV., 1896. 
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furnish excellent examples of such an occurrence. At that place no less 
than sixteen of such deposits, individually up to one metre in thickness 
and with symmetrical filling, are found one above the other. These on 
account of their horizontal lay are termed Floze (Seams) by the 
miners in Germany, a term equivalent to the ‘ tin-floors ’ of (k)rnwall 
. At other places, as illustrated in Figs. 261 and 262, the tin ore is found 
^ more often or entirely along the vertical joints; while at others again it occurs 
both along the vertical as well as the horizontal joints or along any other 
plane whatever. Occurrences of this last type are r(derred to as ‘ stock- 
works.’ They are characteristic of the Erzgebirge, being found for instance 
at Altenberg, Geyer, and elsewhere. In Cornwall also they are repre- 
sented, and they have also been described at Morbihan in France. 

Tin lodes, as illustrated in Fig. 146, often show a characteristic crusted 
structure with mica, etc., at the walls, and quartz and ore in the middle. 
A symmetrically repeated crustification, such as occurs with many of the 



Fio. 265. — Hcction tlio iiortlieiii portion of the Ziimwahl jun’anite area. 

Blatt Zinnwald der tjeul. Spedidkoric dour Sdchsen. 


lodes of the lead-silver group, is however not often seen. 

As already mentioned on p. 154, tin oxide in small quantities has 
repeatedly been found upon analysis in granite itself or in one or other 
of the constituent minerals of that rock, under circumstances which 
absolutely preclude the possibility that such oxide could have been 
mechanically involved with the mineral analyzed. This has been particu- 
larly the case with some micas, but also with felspar. The amount of such 
tin is extremely small, seldom reaching 0-05 per cent. Irt some granites 
also, and where there could be no question of secondary impregnation into 
a consolidated rock, primary occurrences of cassiterite in minute crystals 
may be observed, such as must have arisen by crystallization from a 
granite magma. It is of course possible however that in these (;ases by 
pneumatolytic processes the tin oxide was introduced into the magma 
either before or during its consolidation. In like manner the occasional 
and at times abundant occurrence of cassiterite, wolframite, columbite, 
topaz, etc., in dykes of pegmatitic granite, may probably be explained. 

VOL. I 2 E 
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With these dykes the phase of magmatic consolidation can be differentiated 
from that of the entry of pneumatolytic compounds. In this connection 
reference is recommended to the paper by W. C. Brogger upon the augite- 
syenite and nepheline-syenite pegmatite dykes of southern Norway/ and 
to his work upon the minerals contained in them.^ 

Tlie minerals associated with tin lodes al^e occasionally found in the 
druses of granite and then in such a manner as to suggest that they were 
only formed at a comparatively late stage in the process of consolidation. 
V. Dlirifeld/ from the minerals in the druses of Waldstein granite from 
the Fichtelgebirge, was able to distinguish the following generations : (1) 
crystals of potassium felspar, albite, and quartz, solidified from the magma ; 
(2) zinnwaldite, topaz, tourmaline with axinite, and cassiterite, derived 
from the magma by })neumatolysis ; (3) muscovite, secondary albite, gilber- 
tite, secondary tourmaline, secondary potassium -felspar and younger 
quartz, probably deposited from the water circulating in the rock ; (4) 
herderite, apatite, fluorite, and cuclase ; and finally (5) barite, chalco- 
pyrite, limfi-mica, copper-uranium-mica, etc. 

As already mentioned, tin is essentially an element characteristic of 
the acid eruptive rocks in their various facies, an- association which may 
be explained by the chemical analogy between SiO., and SnO^. As pointed 
out long ago by Daubree and Elie de Beaumont, from this constant associa- 
tion the conclusion may be drawn that the formation of these lodes is 
genetically regularly dependent upon these acid rocks. They must there- 
fore be regarded as endomorphic and exomorphic contact phenomena 
formed at the conclusion of the period of eruption, yet occasionally crossed 
by later granitic and quartz-porphyritic dykes, the expiring efforts of a 
subsiding magma. From these considerations as well as from the striking 
abundance of fluorine- and boron minerals, the above-mentioned authorities 
further concluded that the tin lodes arose by emanations from acid magmas, 
or in other words that they represent a })articular kind of pneumatolytic 
contact phenomena. That in such a process of formation fluorine and 
boron were the vehicles by which the minerals were conveyed Daubree 
convincingly showed in his well-known sublimative synthcAses. It is re- 
called that by f^hese he succeeded in artificially forming cassiterite, rutile, 
specularite, apatite, and a compound having the composition of topaz. 
These experiments, together with various geological observations, render 
it highly probable that the minerals associated with tin were formed 
from compounds circulating in the lode-fissures and principally from 
the compounds of fluorine, such as hydrofluoric acid, stannic-fluoride, 

’ Grothfi, 7jHL f. Krist. u. Min, XVT., 1890. 

2 Qes, d. Wiss,, Christiania, 1906. 

» Zeit. fur Krist. u. Min. XLVI., 1909. 
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boron-fluoride. Since the presence of chlorine has not only been 
established in apatite, but also in the micas of some tin lodes, it is 
probable that the fluorine under these circumstances was often accompanied 
by a small amount of chlorine. 

The characteristi(5 alteration of the country-rock alonj^ tin lodes may 
accordingly be also ascribed to a pneumatolytic metainorj^hisin ed’ccted 
principally by' the different compounds of fluorine circulating in the fissures. 
The pseudomorphs of cassiterite after felspar may for example be ex})lained 
in that the hydrofluoric acid, released by the dissociation of stannic fluoride 
accordiiw to the formula BnF, +2JT 0^8n0. + 4HF, attacked and decom- 
posed the felspar, while at the same time the space vacated became occupied 
by the stannic oxide, deposited as cassiterite. 

Concerning the association of the compounds circulating in the fissures, 
it must be remembered that with many of them the critical temperature 
is already passed at a relatively low temperature. This temperature for 
(X), and H(X lies below 100'^ (b ; for IT, 8 , 80.„ CO, N1I.„ between 10(C and 
200” ; for (\S,, PCl^, BiCl^, between 2()0” and 300” ; and for 11,0, As(4^, 
Sillr^, 8nCl^, TiCl^, between 300” and 400”. Should the mineralization 
have taken place at a temperature higher than 400”, which appears probable 
seeing that this phenomenon belongs to the period of eru])tion, no difference 
(iould have existed between the gaseous and the li((uid condition ; indeed 
at a temperature of 300” even under conditions of enormous pressure, 
most of the above compounds would no longer have been able to exist in 
the liipiid state. Were moreover such aqueous solutions pn^sent it is 
nevertheless certain that vapours and gases played a very essential part 
in the formation both of the lodes and of the greisen. 

The theory here briefly sketched, supported as it is by a wealth of 
mineralogical and geological facts and explained by the beautiful mineral- 
syntheses of the French investigators, has been further developed and con- 
firmed in the last decades by a number of younger workers, till in its broad 
lines it enjoys the approval of by far the greatest number of those who have 
studied the subject. It is not surprising therefore that it has exerted a re- 
markable in'luence upon the general development of the science of Geology. 

Other hypotheses, for example that of E. Iteyer, who regards tin- 
bearing greisen as primary streaks marking later injections of the original 
magma, or that of Sandberger, according to which the tin lodes became 
fdled by lateral secretions from the country-rock, have undoubtedly proved 
to be erroneous. Again, when G. Bischof ^ assumed that the materials 
holding the stannic acid in solution in the fissures were the carbonates of 
the alkalies and alkaline earths so widely distributed in underground 
waters, and when he further found in the felspar of the granite the very 
^ Lehrb. der chem.-physik. OeoLf 1866, pp. 811-824. 
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substance which by its decomposition provided this necessary solvent, he 
propounded a hypothesis which left the constant association of tin ores 
with fluorine- and boron minerals unexplained. 

Vogt in 1895, applying the theory emanating from the French school, 
endeavoured to determine the nature of the dependence of the tin lodes 
upon acid magmas and to explain the concentration in these lodes of the 
elements which characterize them, such for instance as tin, bctron, lithium, 
phosphorus, fluorine, etc. This endeavour consisted chiefly in a com- 
parison between the tin lodes and the Norwegian apatite lodes described 
in the next section. Between these two groups the most important 
analogies are as follows : 

1. Each group is characterized by its association with a particular 
eruptive rock, the tin lodes with granite, the apatite lodes with gabbro. 

2. In both cases the lode material is younger than the rock in which 
it occurs, though in both cases the interval between the consolidation 
of the eruptive and the formation of the lode was small. Evidence of 
this lies in the fact that both classes of lode are occasionally intruded 
by apophyses or late injections of the particular magma. 

3. Both groups are regularly marked by a pneumatolytic metamorphism 
of the country-rock, which in the one case is characterized by the formation 
of greisen, etc., and in the other by that of scapolite rocks, these latter 
resulting from the gabbro by the addition of sodium chloride. 

4. Mineralogically, among other properties, the analogy rests upon 
the occurrence of apatite and allied phosphates in both cases, with this 
difference however, that while with the apatite lodes the principal mineral 
is a phosphate, with the tin lodes the phosphates play but a sub- 
ordinate part. In spite of this subordination however, apatite still remains 
a characteristic feature of tin lodes, since practically speaking it does not 
occur in lead, silver, zinc, and gold lodes, these not having been formed 
by pneumatolysis. In the apatite lodes the stannic acid of the tin lodes 
is replaced by titanic acid. In both groups the principal gangue minerals 
are silicates wherein these lodes differ from the lead-silver lodes. In the 
place of the quartz, alkali-mica, tourmaline, topaz, beryl, eta?, which are 
associated with tm lodes, magnesia-mica, enstatite, hornbleiide-scapolite, 
etc., occur with the apatite lodes. 

5. With each group one halogen element occurs plentifully, fluorine 
with the tin lodes, and chlorine with the apatite lodes. The fluorine in 
this connection is accompanied by a little chlorine. The chlorine of the 
Norwegian apatite lodes occurs partly in chlor-apatite, but particularly 
in scapolite, which contains 2*5-3 per cent of chlorine. Scapolite is also 
found in considerable quantities in the altered country-rock. With the 
Canadian apatite lodes the chlorine is accompanied more or less by fluorine. 
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6. Chemically and mineralogically a remarkable analogy exists between 
both classes of lode and their respective country-rocks, in so far that in the 
granitic and granite-pegmatite dykes on the one hand several of the elements 
characteristic of cassiterite occur, while on* the other hand the gabbro 
in which the apatite lodes occur is distinguished by richness in phosphoric 
acid, titanic acid, ferric oxide, ferro-magnesium and lime-soda silicates, and 
at the same*time by a diminution of the potassium silicates. Almost all 
the elements which arc distinctive of tin lodes, such as Si, Sn, F, B, P, Li, 
Be, U, Nb, Ta, Mo, W, arc also highly characteristic of granitic and 
granite -pegmatite dykes, while in the case of the apatite lodes 
and gabbro the elements Si, Ti, Fe, Mg, Ca, Na, P, and Cl are 
distinctive. This chemical analogy between the lode material 
and the enclosing rock, taken in conjunction with the regular genetic 
dependence of the former upon the latter, leads to the conclusion 
that the lode material comes from the particular eruptive concerned. 
The extraction of this material however is not to be explained by some 
manner of segregation in the already consolidated rock, and the assumption 
remains therefore that this extraction proceeded duriiig the magmatic 
condition of th(i eruptive. Moreover since the tin- and apatite lodes were 
formed immediately after the eruption of granite and gabbro respectively, 
and since at their formation halogen compounds were the active agents 
ill the process, it follows that the extraction of the lode materials must be 
referable respectively to the action of hydrofluoric and hydrochloric acids, 
dissolved in the magma, or to fluorides and chlorides. Further, it appears 
reasonable to assume that 8iF^ must be formed in the granitic magma and 
that therewith on the one side acids with weak affinity for their bases, such 
as for instance stannic, tungstic, and uranic acids, would together with phos- 
phorus and boron be extracted, and on the other side a strong base such 
as lithium. The assumption of an acid extraction taking place in the 
granitic magma explains at the same time the concentration of several of 
the elements particularly associated with tin. For the apatite lodes like- 
wise it provides an explanation particularly of the concentration of the 
compounds of phosphorus and titanium. 

In some parts of the world, as for instance in the Straits Settlements, 
Cornwall, the Erzgebirge, etc., granite is almost invariably accompanied by 
cassiterite, while in other granite districts thut mineral is unknown. In 
the whole of the Scandinavian peninsula for instance, apart from some 
immaterial occurrences, no deposit of cassiterite is known, in spite of the 
enormous distribution of granite. 

Allied to the tin lodes proper in the restricted sense of that term are the 
tin-copper lodes of Cornwall and of the Herberton district, Queensland, 
etc. ; the tin- wolfram lodes of several localities ; and the wolfram lodes 
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without tin. To this group belong also the cryolite deposits of Greenland 
and perhaps also some but little investigated apatite lodes in the granite 
of Zarzala in Spain. All such deposits as these, are to be regarded as 
pncumatolytic facies genetically closely connected. 

Somewhat more distant genetically are tjie Alpine titanium lodes 
investigated formerly by Daubree ^ and more recently particularly by 
E. Weiiischenk.2 According to the latter authority these ar(^ “ character- 
ized chiefly by the presence of a small amount of titanic acid, besides which 
in some of the occurrences, molybdenum, wolfram, and beryllium are also 
present ; the principal gangue minerals of these lodes are quartz, felspar, 
apatite, and calcitc. . . . On the one hand the firm conviction of a common 
dependence of these Alpine titanium lodes upon the granitiemass is obtained, 
though on the other hand it is plainly recognized that the formation of these 
titanium occurrences of the (kmtral Alps may not off-hand be considered 
as the eijuivalents of the tin lodes, but between the two classes of 
deposit there exist fundamental differences based upon the manner of 
their formation.” 

Again, with the contact iron deposits tin lodes have this in common, 
that both represent the expiring stages of an einption, such eruption being 
principally of granite. It must nevertheless be conceded that the chemistry 
of processes which have for result the formation of two distinct classes of 
deposit must have been fairly different, though the tonrnialinization of 
many contact rocks, the appearance of axinite in some conta(*b iron 
deposits, and the occasionally abundant occurrences of specularite and 
magnetite in some tin lodes, remain as distinct analogies between the 
two. As already stated ® the deposit of Pitkara^ita in Finland, and that 
of Schwarzenberg in the Erzgebirge, etc., may be regarded as connecting 
links between the tin lodes on the one side and the contact iron dc})osits 
on the other. 

Between the tin lodes and the sulphide or lead-silver lodes the old 
French school essayed to draw an absolutely sharp line, some disciples of 
that school even going so far as to divide all lodes into two main divisions, 
the filons stannifhes, the fumarolic products of granite ; and the filoyis 
sulphures diies jylmnhiferes, the deposits from thermal waters, these latter 
having been considered by some to be invariably connected with basic 
rocks. Just as this last statement is of a certainty not correct, so also, 
in view of such clear cases of transition as are found in Cornwall for 
instance, can no such sharp division as the above be maintained. In 

1 Ile8um6 in Etudes synthetiques, 1879. 

2 ‘ Die Minerallagerstattcn des Gross- Venodiger Stockes ; ein Bcitrag zur Zenntnis der 
Alpinen Mincrallagerstatten,’ Zeii.f. Krysl. u. Min. XXVI., J896. 

3 Ante, p. 352, 405-411. 
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that tin field many lodes carry approximately equal amounts of tin 
ore and of sulphide copper ore, the latter also being often accompanied 
by, tourmaline, etc. Further, there are in Chili many cop})er lodes which, 
though they contain no tin, have this in common with the lodes of 
(Cornwall, that they contain much tourmaline. At Telemarketi in Norway 
also, sulphide copper lodes are known to have all the distinguishing marks 
of tin lodes, J;o contain mica, tourmaline, fluorite, etc., to be (‘oiinected 
with granite, and to be marked by an alteration of the country -roek some- 
thing in the nature of greisen formation, yet to contain no tin, the place of 
this being taken by copper. Further, in the Erzgebirge as well as in 
Cornwall many connecting links may be observed between the tin lodes or 
tin-copper lodes on the one hand and the ordinary lead-silver lodes on the 
other. The silver-tin lodes of Bolivia described by A. W. Stelzner are in 
this connection particularly pertinent. 

The filons slannifhes and th<‘ filons pkymhiferes are it is thus seen 
connected with one another by certain transition or intermediate members. 
That this is so however does not remove the extremely sharp and remarkable 
difiercnces between re{)resentative types of the two classes. Though 
cassiterite for instanct^* is found with much stannite in the Bolivian lodes 
and as microscopic crystals in the sphalerite of the pyritic lead lodes of 
Freiberg, and though similarly the sulphide lead lodes in the neighbour- 
hood of Argel^ze Cazost in the North Pyrenees near the surface carry 
galena with cassiterite, such occurrences do not however alter the fact 
that the association of tin with sulphide lead-zinc ores is a rare occurrence. 

Apatite so (fliaractcristic of the tin lodes is just as little observed in 
the sulphide-gold and lead-silver- zinc lodes as is topaz. On the other 
hand another mineral typical of the tin lodes, wolframite, sometimes occurs 
in lead-silver lodes, as for example in association with fluorite near 
Neiidorf in the Harz, and in some other geologically allied occurrences. 
Uranium ores are more often associated with cassiterite, yet the chief deposit 
of radium-bearing pitchblende, that at St. Joachimstal in the Erzgebirge, 
is connected not with cassiterite but with silver-bismutli-cobalt lodes, 
which lodes however, it must be admitted, are to be regarded as genetic- 
ally connected with granite. 

Generally speaking tin ore does not occur in massive but rather 
in fine veins and impregnation fractures, or distributed throughout 
a greisen zone. Upon weathering, the rocks in which these various 
deposits occur surrender their ore to form tin gravels. In such gravel- 
deposits all those chemically resistant minerals collect which at the same 
time possess high specific gravity and the necessary hardness, and accord- 
ingly cassiterite, quartz, tourmaline, zircon, wolframite, etc., are found 
together. Felspar on the other hand disintegrates to a clay which together 
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with mica is washed away. Another economically important result of 
weathering is that the arsenopyrite, which often occurs plentifully in the 
primary deposit, and the sulphides of copper, bismuth, etc., in conse- 
quence of their decomposition, are not found in the tin gravels, the con- 
centrate from which yields accordingly a very pure metal. 

In the time of the Phoenicians, Greeks, and Romans, the tin gravels of 
Cornwall, Galicia in Spain, and Lutitavier in Portugal, playec) an important 
part, though all arc now practically exhausted. On the other hand the 
tin production of Australia to-day includes much which is derived 
from gravels, while in the Straits Settlements, including the East Indies 
generally, tlie tin ore won is almost entirely gravel-tin. It may indeed be 
reckoned that at present about three-quarters of the world’s annual pro- 
duction of tin is derived from gravel-deposits, chiefly those of the Straits, 
and but one-quarter from lode-tin, this being chiefly from the tin-silver 
lod('s of Bolivia and the tin lodes of Cornwall and Australia. 

Eigures of the tin production of the world are given in the following 
table wherein those for Bolivia are the calculated contents of the ex- 
ported ore. 
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To these figures must be added the local consumption in the Straits 
and neighbouring countries, the production of China, and the small pro- 
duction of Mexico, the last being at the most 50 tons. Other statistics 
have already been given. ^ 

The ore hoisted from the richest of the tin mines in Cornwall generally 
yields 2*5-3 per cent of cassiterite or approximately 1*75-2 per cent of 
metallic tin, though the majority of the mines only produce ore con- 
taining 0*7-1 *5 per cent of tin. Those of the Erzgebirge, when formerly 
working, delivered ore with 0*2-0*5 per cent. 


^ Ante, pp. 207, 208. 
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The Saxon-Bohemian Euzgebirge 
LrrERATUllK 

B. VON Cotta. Die Lehre von den Erzlagerstatten, 18(51, Vol. 11. — H. Muller. 

‘ Bildung der Zinnstofkwerko,’ B. u. H. Ztg., 1865, p. 178.— E. Reyer. ‘ Ziniicrzfuhrende 
Tiefenoruptionoii von Altenborg und Ziniiwald,’ Jahrb. d. k. k. geol. Rcichsanst., 1878 ; 
Geologie deaZinnos, 1881. — A. W.Stelzner. ‘ Dio Granitevon Geyer und Ehrenfriodersdorf, 
sowie die Zinneiy.lagerstiitten von Geyer,’ Bcitr. z. geogn. Kcnntn. d. Erzgcb., I , Eroiberg, 
1865. — R. Beok. ‘ Emige Beobachtungen im Gebiote dor Altonberg-Zinnwaldcr Zinnerz- 
lagorsl/atton,’ Zoit. f. prakt. Gcol , 181)6, p. 148. — K. Dalmer. ‘Dor Altonberg-lJrauponer 
Zinnerzlagcrstaticn distrikt,’ Zoit. f. prakt. Gool., 1894, p. 313 ; i]>id., 1895, p. 228 ; 1896, 
p. 1 ; 1897, p. 265. 

Explanatory texts to the geological map of Saxony with drawings of oro-de})osits, in 
part by H. Mullkr; sections Eibenstock, 1884, and Ealkenstoin, 1885, by Suiirouer ; 
sections Johanngoorgenstadt, 1885, Dippoldiswalde-Erauonstoin, 1887, and Glashuttc* 
Dippoldiswalde, 1888, by Sctialcti; sections Ancrbach-Lcngefcld, 1885, and Altenberg- 
Zinnwald, 1890, by Dalmer. 

The Saxori-Bohciriiari granite, as illustrated in Fig. 2GG, is chiefly 
arranged in two occurrences which, extending north and south, interrupt 
the giieiss-phyllite forjiiation of the Erzgebirge. Of these two occurrences 
the westerly extends from Carlsbad in Bohemia to near Schneeberg in 
Saxony ; and the easterly from Teplitz through Altenberg-Zinnwald to 
Dippoldiswalde or thereabouts, tliroughout which extent it is accompanied 
by acid [)orphyries of Permo-Carboniferous age. 

Witli this granite the Erzgebirge tin occurrences ai’e most closel}' 
connected. The deposits arc distributed as follows : in the eastern area, 
at Graupeii in Bohemia, Zinnwald on the frontier between Saxony and 
Bohemia, at Altenberg and several places near Glashuttc and Dippoldis- 
walde; in the western area, at Schlackenwald, Platten, Johanngeorgenstadt, 
and at Eibenstock in Saxony ; east of this again, yet in the neighbourhood, 
at Geyer, Greifenstein, and Ehrenfriedersdorf ; while Marienberg and Seiffen 
are fairly isolated occurrences about midway between the two granite 
areas. 

Generally speaking, in the district which includes Graupen, Zinnwald, 
and Altenberg, three eruptive rocks present themselves for consideration, 
these being ilie Teplitz quartz-porphyry, which is the oldest, then granite- 
porphyry, and finally the stanniferous granite, this being the youngest. 

Form of the Deposits. — For quite a number of these occurrences stock- 
works are characteristic. With this type of deposit not only the granite 
but also the adjacent country-rock is usually so traversed by veins and 
impregnated, that the whole mass must be mined. This at Altenberg is 
900 m. long and of an ecjual width. In other places, as for example at 
Zinnwald where the granite has actually broken through the Teplitz 
porphyry, the ore, as illustrated in Fig. 265, occurs as lode-like floors, 
Fl6ze, following the flat jointing of the granite. These flat lodes do not 
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run quite parallel to the granite outline, but bending upwards like a 
basin or a watch-glass, they pass out into the country-rock. The lode 



material, which may be 2 rn. in width, as illustrated in Figs. 117 and 140, 
usually exhibits a well-defined and often symmetrical structure. Of the 
different minerals present, mentioning only those of any importance, lithia- 
mica is the oldest, following which come wolframite, quartz, cassiterite, 
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and then scheelite, the youngest of all. It is usually the case however 
that more than one generation of quartz and cassiterite may be distin- 
guished. A third type of deposit is represented by the steeply inclined 
lodes, which when they occur in the quartz-porphyry, as they often do, 
are occasionally crossed by dykes of a close-grained granitic rock. At 
Oeyer and elsewhere a peginatitic granite of very coarse grain, occurring 
between the ordinary granite and the country-rock, and consisting of in- 
numerable segregations chiefly of quartz or fels})ar, is under favourable 
conditions worked for these minerals. The felspar in some places is so 
decomposed that the resultant kaolin is worked. 

As pointed out by Dalmer particularly, the tin-de])osits in the I^.rzge- 
birge occur most frecpiently in the upper portions of the granite and in 
the mantle of country-rock, while deeper into the central portion of the 
granite they are either sparingly present or are entirely absent ; at Alten- 
berg for example the ore continues to a depth of 230 m., below which it 
is no longer worth working. The deposits arc not limited to the granite 
and porphyry but occur also in the surrounding slate. The tin lodes 
for instance at Sauberg near Ehrenfriedersdorf north-east of Geyer, arc 
found in bands, so-called Bimi, in mica-schist, with beautiful crystals 
of cassiterite, apatite, etc. Under analogous conditions lodes occur in the 
contact aureole of the large Eibenstock granite mass and also near 
Schlaggetiwald, while the deposits at (Jrau])en, stated to have been 
worked since the twelfth century, lie partly in gjieiss and partly in quartz- 
porphyry. 

From the occurrence of the tin lodes in the upper ])ortiojLS of 
the granite, and from tlie fact of their intersection in places by younger 
granitic dykes, it must be concluded that the bulk of the vapour 
emanations were given off in the early stages of tin? granite eru])tion and 
were thus enabled to develop their mineral-building activity in the portions 
of the granite already consolidated as well as in the country -jock, under 
conditions of contact-metamorphism. 

The occurrences of tin oi*e in the Erzgebirge and in Clornwall have 
provided the material for the geological arid genetic investigation of tin 
lodes in general. At those places began also the minei^logical study of 
tin lodes and of the group of tin minerals, many of which are so char- 
acteristically developed ; for instance the knee-j^haped crystals of Saxony, 
Yisiergrau'pen^ the zinnwalditc of Zinnwald illustrated in Fig. 117, the 
apatite of Ehrenfriedersdorf, the topaz of Schneckenstein,and the tojjazified 
granite of Geyer and of Zinnwald- Altenberg. 

The Erzgebirge tin lodes occasionally carry sulphide ores in addition, 
those at Sadisdorf and Seiffen for example which contain chalcopyrite. 
In the matter of their filling also they therefore resemble the tin lodes of 
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Cornwall. Since it can be shown that the lead-silver-zinc lodes in 
their upper levels also carry some tin there exists in this district no sharp 
demarcation between the tin lodes and those of lead-silver-zinc. 

The content of these Saxon tin-deposits like that of all other tin dis- 
tricts is low. At Altenberg the lodes contain 0- 1-0*9 per cent of cassiterite, 
and the zwitter 0*3 per cent of metallic tin. The lodes of the Saxon- 



Fki. 2G7.— Cassiterite veins amt greiseii in tlie Altenberg granite. 


Bohemian Zinn\^ald contain 0*2-0*8 per cent of tin and 1-2 per cent of 
wolframite ; the greisen with 0*2-0*5 per cent of tin is poor in wolframite. 

The early beginnings^of tin mining in Saxony date back in the case 
of Graupen to the end of the tweKth century; from this neighbourhood 
about 50 tons of zwitter are still obtained annually. Altenberg, discovered 
in the year 1458, produced in its early days as much as 300 tons annually, 
though the production for 1907, representative of the scale of operations 
to-day, was only 16*8 tons. It is probable however that, as with many 
tin districts, the early production at this place also, was derived from its 
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eluvial deposits, the situation of which relative to the lodes is indicated in 
Fig. 5. Zinnwald, where work was also begun in the fifteenth century, 
reached its zenith of production in the middle of the sixteenth, while 
to-day mining operations there are very limited. The relatively large 
amount of wolfram present was in 1898 responsible for a moderate revival 
to the extent that in that ya-iv 50-5 tons of wolframite, 116-8 tons of lithia- 



I’osl-catbomlVroaB T^'phtz (Jiaiiito- (‘it.aiiito greatly 'I'm lodivs 

gianite. (luartx- poiidiyij. altered to 

lM)r].h>iy. gieisen. 

Fi(i. 2()8. — Soetioii along an easterly line at Altenberg. BlaK /iiuimihl, der (jad. 
Speualkarte von Sachneu. 


mica for firework purposes, and 1-2 tons of cassiterite were produced. 
Bohemian Zinnwald in 1906 produced 49-9 tons of wolframite ; Saxon 
Zinnwald in 1907, 59 tons of wolframite and stanniferous wolfram ores, 
and 1-2 tons of cassiterite. At Geyer, mining, which began in the year 
1315, has now practically ceased, only a few tons of tin ore being pro- 
duced yearly. This is also the case at Ehrensfriedersdorf. The wolframite 
and molybdenite mines of Niederpobel near Sadisdorf in 1907 yielded 3-05 
tons of wolfram ore and 1-2 tons of molybdenite. 


FlCU'CELaEBlUGE 

LlTERA^rURE 

R. Bfxjk. Erlauterungcn zur Section Elster-Schonbcrg dor geologisolicn Spozialkarto 
von Sachsen, p. 23.— v. Gumbel. Fiuhtelgebirge, 1879.— A. Schmid’p. ‘ Mineralien aus 
den auflassigcn Bergwerken dcs Eichtelgebirgos,’ Wunsicdeler Ausst., p. 9. — Machert. 
< Bbor Zinnbergbau im Fichtelgobirgo,’ Inaug. Biss., Erlangen, 1894. 

* 

In the granite masses of the Fichtelgebirge and in the surrounding 
contact-zones tin lodes occur wliich in olden times were worked. The best 
known of these is that at Weissenstadt. Beck examined the stanniferous 
lodes of Wernersreuth which traverse the gneiss on the Zinnberg. 
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France 

LITERATURE UPON LA VILLEDER 


Lodin. ‘ Note sur la conatitiition dcs gitos stannifercs de la Villoder (Morbihan),’ 
Bull. SoG. Gcol. 3'^ Ser. Vol. XII. p. 645, 1883-1884. — Baudot. ‘Lea Mitiea d’ctain de la 
Villeder (Morbihan),’ Bull. Soc. Ind. min. de yaint-fitionno, 3^^ Ser. Vol. I. p. 151, 1887. 

Tin de})osits of the Saxon type are found in the Brittany granite near 
La Villeder, department Morbihan. Here a granite mass,’ which towards 
the west extends to Baud and Lorniin^, is enveloped in Cambrian sand- 
stones and slates contact-metamorphically altered by the intrusion of the 
granite, one cojisequence of this intrusion being that both granite and 
slate in the neighbourhood of their contact are traversed by veins of cas- 
siterite, much as in stockworks. The principal material of these veins is 
(piartz, wliich is accompanied by cassiterite, apatite, fluorite, molybdenite, 
arsenopyrite, pyrite, sphalerite, chalcopyrite, galena, etc. Topaz and 
tourmaline occur but seldom, while wolframite is entirely absent. Minera- 
logically, this occurrence is rendered particularly interesting by the appear- 
ance of phenakite, the beryllium silicate ; economically it is without 
significance. 

At Tyriac, west of the mouth of the Loire, tin lodes also occur. On 
the Central Plateau the following discoveries of tin ore ol the Saxon type 
are worthy of mention : at Montebras, numerous veins ; ^ at Cieux, a 
lode almost 1 m. wide; at Vaulry, stockworks, etc. The veins of Monte- 
bras according to Vogt ^ are worked for amblygonite, the lithium phosphate. 

Spain and Portuoal 

The deposits in this corner of Europe occur along a north-west line 
extending from Zamora north of Salamanca, through the north-eastern 
portion of Portugal to the province of Orense in Calicia. The principal 
discoveries ^ lie in the eastern portion of the province Orense, at Penuta 
and llomilo, between Verin and Monterey, on the Portuguese boundary, 
among the Montesund Avion hills, and near Pontevedra. 7'h^ lodes here 
occur in crystalline schists near a granite contact, being occasionally, as 
at Viana del Bollo, very rich. The continuation into Portugal a^ipears 
in the province of Beira Alta at Vizeu, and in that of Traz os Montes, at 
Montesinhos, Parada, Coelhoso, Marao Angueira, Valle Seixo, etc. The 
lodes rea^h 0*5 m. in thickness, and occur sometimes in gneiss and some- 
times in decomposed pegmatitic granite. 

1 Dc Laiinay, Traite des gites mincraux, Vol. If. p. 142. 

2 Trans. Amar. Inst. Min. Eng., Richmond Meeting, 1901, p. 11. 

3 J. Ahlburg, ‘ Die iiutzbaren Mineralion Spaniens und Portugals,’ Zeit. f. prakt. 
OeoL, 1907, p. 183. 



LODES, CAVITY-FULINGS, METASOMATIC DEPOSITS 431 


Other tin deposits in the Iberian Peninsula occur at Terrubias and 
•Santo Tome de Rozadas near Salamanca, at San Isodoro and Marinera 
near Cartagena, near Almeria on the south coast of Spain, and near Ramal- 
hoso in the neighbourhood of Amarank in Portugal. The gravel-deposits 
of Spain and Portugal were worked by the Romans and Phoonicians. 
Some idea of the present p^-oduction is afforded by figures of 47 tons and 
209 tons for Spain during the years 1900 and 1905 respectively, and 81 
tons and 31 tons for Portugal during the years 1900 and 1901. 

Some of the lodes are rich in wolframite, and wolfram mining in conse- 
quence ap])ears at the moment to be developing more favourably. This 
ore however occurs not only with the tin lodes but also in special wolframite 
lodes. The best-known wolframite occurrences are those at San Finx in 
the province of Calicia, aiid at Montaro in Cordoba, but others are also 
known in the provinces Caccres, Salamanca, Orense, and Pontevedra. 
Ill 1905 San Finx produced 400-450 tons, Salamanca about 100 tons from 
gravel-deposits, Pontevedra about 200 tons, Cordoba about 100 tons, and 
Caccres 25-35 tons. The total production from Spain varies extremely; 
while for 1900 it was 1958 tons, in 1901 it was only 6 tons, though in 1905 
again it had risen to yOO tons. The Portuguese output of wolframite is 
low ; in 1901 it was 90 tons. 


Cornwall 

Ll'PI^RATUllK 

tr. 'r. DE LA Ueohe. Tlcport on the Goolojfy of (’ornwall, Devon, and West kSoincrsct, 
] 839 . — W, J. Henwood. ‘On the Ah'talliferous JX'posiis of Oorimall,’ 'Irans. Roy. (Jeol. 
Soc., Cornwall, V. 1843, and other i»a])or.s; Presidential Address, Roy. Inst., (’ornwall, 
1871. — L. IVIoTSSENET. Ann. des Mines. Pans, Ser., XIV., 1 8.58; XV., 1809; 9" Ser., II., 
1802 Observations on the rich ])arts of the Lodes of Cornwall. 4'ruro, 1877. — C. LK 
Neve Foster, Papers, Trans. Cool. fSoc. Cornwall, 1875, 1870, 1877, 1878 ; Miners’ Assoc. 
Cornwall and Devon, 1800, 1875; (^.iiart. .lourn., 1875, 1878. — »T. II. (.'olijns. Various 
papers. Handbook to the Mineralogy of Cornwall and Devon. Truro, 1870. ‘On the 
Orijijin and Dcvelo])niont of Ore Deposits in tlie West of Fnj^land,’ in five jiarts, .lourn. Roy. 
Inst. Cornwall, 1890, 1892, 1893, 1895, and 1897. — Reyeh. ‘ Zinn,’ 1881. — R. Hunt. 
Rritish Mining, 1887. — .1. A. PiilLLirs and 11. Loui.s. A Treatise on Ore Deposits, 1890, 
pp. 191-240. — .1. B. SofUVENOK. ‘ ddie Oranite and Orei.scn of Crigga Head, Western 
Cornwall,’ Qufr.t. Journ. LIX., 1903.- d'ho Memoirs of the Oeol. Survey of Fngland ; 
Oeology of (I) The Land's End District; (2) Of Camborne and Redruth ; (.3) Of Newquay; 
(4) Of Plymouth and Liskeard ; all of recent years, and others in ])roparation.--D. A. 
MacAllstek. ‘ Gcol. AsjHJetof the Lodes of Cornwall,’ Econ. Gcol. 111., 1908. 

The Cornish peninsula, including the adjoining portion of Devonshire, 
is occupied in greater part by Palgcozoic strata, represented* chiefly by 
Devonian and to a less extent by Cambrian, Silurian or Ordovician, and 
Culm, the distribution of these being as given in Fig. 2()9. Among these 
strata, clay slates, in places much contorted, and known locally as ‘ killas,’ 
are widely distributed, while with them the serpentine of the Lizard, as well 




I Cambrian 

I Metamorpbic orBodman Series 
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as some gabbros, greenstones, etc., must also be reckoned. These ancient 
formations are intruded by five larger and several smaller roundish 
granite bosses which, when the occurrence in the Scilly Islands to the south- 
west is included, form an east-north-east line about 220 km. long. These 
doubtless all belong to one connected occurrence beneath, from whence their 
eruption took place in late Carboniferous or post-Carboniferous time. The 
several masses^ which as illustrated in Fig. 163 generally extend in depth 
at a low angle, determine in greater part the relief of the country and the 
configuration of the peninsula, while their effect upon the surrounding 
strata has been to produce pronounced contact-metamorphism. 

From these as centres, numerous apophyses locally known as ‘ el vans ’ 
proceed, these consisting chiefly of quartz- or felsite-porphyry of the same 
composition as the granite.^ Such elvans vary in thickness from 1 m. to 
100 rn. or perhaps even more, while along the strike they may occasionally 
be followed for 20 km. Their general direction is usually cast-north-east, 
that is more or less in agreement with the strike of the slates and 
parallel with the line of the granite masses. Around the margins of 
these latter the tin and copper lodes occur, })artly within the granite 
itself and partly within iBuch slates as have suffered contact-metamorphism 
and are freely 4;raversed by elvan dykes. As may be gathered from 
Fig. 269, it is seldom that such lodes are found more than 3 km. from the 
granite contact. Since in depth the granite masses underlie the slates, it 
often happens, as illustrated in Figs. 163 and 270, that mines which at 
the surface were started in slate, in depth enter the granite. 

The tin- and copper ores are found pjirtly along the joint-planes of the 
granite, forming impregnation fractures, stockworks, etc., or they occur in 
proper tectonic lodes up to several metres in thickness, these being often 
characterized by a brecciated structure. The principal ores are : . cas- 
siterite, with some stannite ; chalcopyrite, bornite, and chalcocite ; 
arsenopyrite and other arsenic minerals ; wolframite and scheelite. Less 
important are tetrahedrite, silver ore, sphalerite, bismuthinite, cobalt- and 
nickel ores, pitchblende, manganese ore, different iron ores, the phosphate, 
arsenate, and* carbonate of lead, etc. The last-named, together with the 
oxides, carbonates, and silicates of copper, native copper, and some sulphide 
copper ores, are secondary products belonging partly to the oxidation and 
partly to the cementation zones. * 

The most important ganguc minerals are quartz, chlorite, tourmaline, 
fluorite, and kaohn. The abundance of tourmaline and the frequent 
tourmalinization of the country-rock, whether that be granite or slate, are 
remarkable features of these lodes. Where the walls are of calcareous 
hornstone the tourmaline is replaced by the lime-boron silicate, axinite ; 

1 J. A. Phillips, Quart. Journ.^ 1876, p. 334. 

2 F 
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the granite in the neighbourhood is also often kaolinized ; topaz on ^ 
the other hand does not often occur. 

The lodes of Cornwall afford typical examples of lode-relations of all 
kinds ; of intersection often accompanied by rich ore ; of junction ; 
deflection ; drag ; displacement ; etc. From observation of the effect of 
these relations it was endeavoured at one time to construct laws defining 
the ore distribution, particularly in relation to the strike. Moissenet even 
went so far as to treat the question mathematically, without however 
arriving at any definite result. 

Tin- and copper ores occur sometimes intimately associated in the 
same lodes. In such cases near the surface the copper of the original 
sulphide ores has been removed and in greater part deposited as secondary 
ore in the cementation zone. The cassiterite under the same circumstances 
suffers no migration and it therefore results that such lodes in their upper 
levels are particularly worked for tin. Cornwall however not only offers 
good examples of secondary depth-zones but is remarkable also for its 
striking primary zones. Copper ores prevail in the comparatively 
shallow levels, while those of tin only occur to any extent in greater 
depth. In the case of Dolcoath, the most productive and at the same time 
the deepest mine in the district, copper ores almost exclusively were worked 
to a depth of roughly 300 m. Below this there followed a zone in which 
both metals were well represented ; while deeper still, to the present depth 
of about 950 m., tin ore occurs almost exclusively. As will be seen from 
the stoping plan given in Fig. 270, work at this mine first began in the 
^late, the granite only appearing in depth. The boundary between these 
two rocks coincides approximately, though far from exactly, with that 
between the areas worked respectively for (jopper and tin. Similar primary 
depth-zones have been observed in several other mines. 

Besides these tin-copper lodes wherein the amount of galena is un- 
im])ortant, lead-silver lodes are also found in the slates, though at greater 
distance from the granite. These strike approximately north-south or 
roughly at right angles to the slates and represent a later formation, pre- 
sumably of Tertiary age. In other respects also they are ((uite distinct 
from the tin -copper lodes and are therefore not to be regarded as 
pneumatolytic or pneumatohydatogenetic effects in connection with the 
granite intrusions. , 

Not many decades ago 180 mines were at work in this West of England 
region, 9 in the neighbourhood of Tavistock in Devonshire, and the 
remainder in Cornwall, more especially around the two western granite 
masses. Since 1890 however the scale of operations has considerably con- 
tracted and in 1896 there were but 17 mines producing as much as or more 
than 100 tons of ore yearly. The most important tin mines include those 




Fig. 270. — Longitudinal section of the Main Lode, Dolcoath. Neve Foster. 
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of St. Just, to the extreme west, where some of the lodes, as indicated in 

c 

Fig. 162, are being worked under the sea; those of St. Ives also to the west; 
and those at Camborne and Redruth situated somewhat more towards the 
east. Among the latter are Dolcoath, Cam Brea, Tincroft, and Cook’s 
Kitchen. The mines at St. Austell are centred around the third granite 
area farther to the east. ’ 

Those mines which formerly were the most important copper mines are 
found in the neighbourhood of Redruth, Gwennap, and St. Agnes. The 
uranium mine near Grampound on the third granite area works only for 
uranium ore, of which it produces about 20-30 tons annually. 

In ancient times the gravel-tin deposits of Cornwall and Devon 
were very important. Work was continued upon these right through 
the Middle Ages and up to the commencement of the last century. 

The total production of this mining region in copper and tin may be 
gathered from the following figures : 

Total Tin Product on. 

1201-1741) .... about, 7 12, 0(H) tons. 

17,50-1905 .... „ 755,000 „ 

Gravel Tin Production, 

1201-1600 .... about 75,000 tons. 

1601-1800 473,000 „ 

Total Copper Production. 

1.501-1725 .... about 20,000 tons. 

1726-1905 . . . . „ 883,000 „ 


i^RomiCTioN IN Recent Years 



Tons of Tin ye.arly. 

'J'ons of Copper yearly. 

1820-1840 

3,.500- 6,500 

10,000-15,000 

1850-18.59 

6,00(1- 7,000 

1.5,000-20,000 

1860-1869 

8,000-10,000 

10,000-1.5,000 

1870-1879 

9,000-10,500 

3,500- 8,000 

1880 

9064 

3600 

1885 

9484 

27.50 

1890 

97,52 

900 

1895 

1 6755 

600 1 

1900 

! 4336 

700 

*1905 

4538 

500 

1908 

4500 

700 


The considerable decrease in the amount of copper recently produced 
has resulted in part from the passage of some of the most important mines 
out of the copper zone into the deeper tin zone, and in part from the cessa- 
tion of work on many mines worked for copper. The total production of 
the lead-silver mines from 1848 to 1884 amounted to 63,600 tons of lead 
and 90 tons of silver. These mines have now long been stopped. 
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The Straits Settlements including Banka, Billiton, etc. 

LITERATURE 

R. D. M. Verbeek. ‘ Geol. Beschrijving von Bangka cn Billiton,’ Jaarb. von het 
Mijnwozen in Nederlandsch Oost Indio, 1897 ; reviewed by R. Beck, Zeit. f. prakt. Geol., 
1898 ; further remarks by Verbeek, ibid., 1899. In Verbeek’s comprehensive work a number 
of papers by oJhor authorities, Dutch especially, are collected. — Th. Posewitz. ‘ Die 
Zinninseln im Indischen Ozean,’ Mitt. d. k. ungar. geol. Anst. VII., 1885 ; VIII., 1886 ; 
Peterm. Mitt. XXXIII., 1887. — de Morgan. Perak, Ann. des Mines, Paris, Ser., IX., 
1886. — R. A. F. Penrose. ‘ The Tin Deposits of the Malay Peninsula with sjiecial Reference 
to those of the Kinta District,’ Journ. of Geol. XL, 1903. — .T. B. Scrivenor. Geologists’ 
Report of Progress, Federated Malay States, Sept. 1903 to Jan. 1907. Kuala Lumpur, 
1907. — C. G. Warnford-Lock. Mining in Malaya for Gold and Tin. London, 1907. 

The Malay Peninsula and the islands of Banka and Billiton, consisting 
in greater part of granite, form together the most important tin region 
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Fia. 271.— Laiidscapo at Suiigei Raia in Perak; showing precipitous linie.stone masses rising 
out of alluvial deposits in which to the right a gravel mine is being worked. Granite hills in the 
distance. Woltf. • 


of the whole world. The cassiterite here is almost exclusively won from 
gravel-deposits although there are mines working primary deposits. Some 
idea of the disposition of these gravel-deposits in regard to the present sur- 
face is afforded by Figs. 271 and 274, kindly suppUed by Dr. Wolff. Mimng 
in these countries takes rather the form of large and often deep excavations 
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than that of systematically planned mines. Louis however in 1899 
mentioned a mine proper, 105 m. deep, in north-east Pahang. 

According to Warnford-Lock and Scrivenor the different deposits 
are variously primary and secondary. Cassiterite occurs as a primary 
constituent of the granite though nowhere has it by differentiation been 



Fio. 273. — Opeiiciit of tlie Rahman Tin Co., near Intan, Perak, 
• showing wide shattered lode in slate. 


concentrated sufficiently to form a payable deposit. The more important 
primary deposits occur wlren small veins containing cassiterite are so 
numerous as to constitute a stockwork. Such occurrences are found 
associated with greisen in the granite. In addition to cassiterite these 
veins contain quartz, mica, tourmaline, etc. Tin lodes have not yet been 
found in the surrounding slates though the chance of eventual discovery 
is decidedly good. Tin-bearing pegmatite is not unusual. At Bruseh and 
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Meru in tho neighbourhood of Ipoh in Perak, such material is exploited. 

» The association there of cassiterite with ferric oxide is particularly inter- 
esting, in that this oxide is probably the oxidation product of a sulphide 
existing in depth. The appearance of much tourmaline is from experience 
often taken to indicate greater richness in cassiterite. 

In addition to their occurrence in granite, tin lodes also occur in lime- 
stone. The mine worked byFoo Choo Choon near Siak in the neighbourhood 
of Batu Gajah exploits such a lode. In that wide lode, which often shows 









’ - 



Fig. 274 - 0{)encut vvorkii)gs fit Jelapang, iH‘ar Jpoli, Pmik. Gravel- deposit upon limestone. 
Granite lulls in the distanee. Woltf. 


crusted structure, crystals of cassiterite up to one-quarter of an inch in length 
occur in quartz, together with arsenopyrite and other sulphides, though 
tourmaline appears to be absent. At Changkat Parit, in a similar lode, the 
cassiterite is accompanied by a large amount of pyrite, arsenopyrite, and 
rich copper sulphides. Outside of the Straits the occurrence of tin lodes 
in limestone has only so far been definitely established at Campiglia Marit- 
tima in Tuscany.^ 

The association of sulphides and cassiterite has this importance, that 
in this regard the primary deposits in the Malay Peninsula occupy a position 
intermediate between the Saxon type on the one side and the Cornish type 
1 Ante, pp. 409-411. 
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on the other. Further, the association of cassiterite with limestone and 
marble indicates a relationship of the tin-deposits with contact-metamorphic « 
deposits. 

The extensive gravel-deposits are not entirely alluvial but include 
some which are eluvial, while in addition deep pocket-filhngs in the lime- 
stone are worthy of notice. These latter have sypposedly been formed when 
the limestone has been so removed by weathering that the overhanging 
deposits have broken into fragments which have then been carried by water 
into the pockets where now they are found with the clayey residuum of 
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Fk;. 275 - Ilydraulickiiig ut the Gopeng tin mine, Perak. Wollf. 


the limestone and other rubble. In these pockets the association of 
cassiterite with newly formed pyrite is interesting. ^ 

These gravel,-deposits are in greater part of Quaternary age. Their 
great extent is chiefly owing to the intense denudation suffered in the 
tropics. In sinking to them from the surface, the overburden, consisting 
of the unpayable beds of sand and clay, has first to be passed. This at 
Billiton is 4-6 m. thick ; at Banka 8-12 m. or even at times 16 m. Below 
this, and generally directly upon the solid rock, the ore-bed is found. This 
is generally about 0*1 -0*25 m. thick though occasionally it may reach as 
much as 1*00 m. At Banka and Billiton it usually contains 2-4 per cent 
of cassiterite. In the Malay Peninsula the deposits, when the overburden 
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is included, generally yield O-l-D-15 per cent by weight of cassitcrite. The 
principal minerals of this ore-bed are quartz, tourmaline, muscovite, horn- 
blende, topaz, and sapphire; while, besides the tin ore, wolframite, scheelite, 
magnetite, and monazite often occur, and gold now and then. The 
material of the ore-bed is washed and concentrated in a primitive manner 
till a cassitcrite concentrate with 08-73 per cent of metallic tin is obtained, 
this being often smelted on the spot. 

These deposits of the Malay Peninsula were already known in ancient 
times, while in the Middle Ages they were worked to an extent sufficient to 
supply the large demand of China and India. Production in Banka began at 
the commencement of the eighteenth century, while in Billiton this was 
not the case till the early ’fifties of the nineteenth century. These two 
islands and the neighbouring small island of Singkep lie to the cast of 
Sumatra, together with which they form part of the Dutch East Indies. 
The production of Banka has risen from 5000 tons annually during the 
years 1850-1880, to ](),000-I2,000 tons per year latterly. From Billiton 
on the contrary the production, which from the ’seventies to the ’nineties 
was ill>00-5000 tons per year, has fallen to 2000 -2500 tons recently. The 
production of Singkftp is small, lii the Malay Peninsula, where mining 
in recent yeaj« has advanced so remarkably ^ and where railroads have 
been made to the most important occurrences, the deposits are dis- 
tributed principally over the following federated States : Perak, Selangor, 
Negri Scmbilan, Pahang, all of whicb with the exception of the last are 
on the west coast. The contributions of these different States are seen 
from the following table : 


Malay States, Production of Tin in Pikuls ^ 



IVrak. 

Si'lungor. 

Negri 

Semlulan. 

Pahang. 

Total 

1900 

355,588 

209,490 

72,251 

15,733 

710,002 

1901 

385,005 

302,598 

75,241 

22,339 

785,243 

1902, 

405,877 

278,307 

73,511 

23.113 

780,808 

1903 

1 430,242 

292,004 

8.5,405 

25,275 

839,040 

1904 

! 443,507 

300,412 

84,849 

27,409* 

850,237 

1905 

440,781 

289,807 

85,1.33 

34,879 

856,0(10 i 

1900 

435,909 

208,024 

77,700 

34,488 

810,787 

1907 ! 

431,380 

273,900 

75,155 

.33,195 

813,0,36 

1908 

407,784 

282,540 

04,221 , 

39,520 

854,005 


1 Pikul-60r. kg. 


From 1890 to 1905 altogether 11,374,841 pikuls or almost 700,000 
tons of tin were obtained. In the latter year rouglily one-half of the 
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production from Perak was obtained from nine large mines of which six ^ 
are entirely under European control. These and their outputs for 1905 
are as follows : 


Tronoh Mines .... 

Pikiils. 

41,209 

Kampar and Lahat . 

39,710 

Tarabun Mine, Ipoh . 

. . 16,113 

Oopeng .... 

12,136 

Duncan’s Mine, C’handcriang 

6,600 # 

Bruseh ..... 

4,100 

Foo Choo Choon’s Mine 

40,000 

Ny Boo Bee’s Mine, Kamunting 

13,178 

Chang Ah Yong’s Mine, T.aiping 

15,164 

Total . 

186,210 


Australia 

In the different Australian States cassiterite deposits are well repre- 
sented, this being particularly the case in Tasmania, New South Wales, 
and Queensland. In Victoria, Western Australia, and South Australia, 
tin mining, at least at times, is also undertaken. In New Zealand h^ever 
cassiterite only occurs as a mineralogical curiosity. ^ 

The principal deposits are of the usual type, that of lodes cither actually 
within or in the neighbourhood of granite, though exceptionally at Mount 
Bischoff the place of this rock is taken by quartz-porphyry. Near these 
primary deposits are others of detrital character, some of which are fluvia- 
tilc, while others are eluvial. In Fig. 18 the relative disposition of the 
primary and secondary deposits to one another in one particular occurrence 
is i^ustrated. In relation to age it is probable that in some occurrences 
the gravel-deposits are Quaternary, while others, such as the deep-leads, 
are Tertiary, or more particularly Miocene. 


Mount Bischoff in Tasmania 
LITERATURE 

Works of VON Groddkck, 1884, 1886, 1887, and von Eiucks cited on p. 412. — H. W. F. 
Kayser. ‘ On Mount Bischoff,’ Austr. Assoc. Ad. Sc., Hobart, 1892. — W. H. Twelvetreks 
and W. E. Pettekd. •' On the Topaz- Quartz- Porphyry or Stanniferous El van- Dykes of 
Mt. Bischoff,’ ibid., 1897, 

The tin occurrence at Mount Bischoff, illustrated in Fig. 165, is economic- 
ally the most important in Australasia. The steep conical hill of that name 
consists of early Palaeozoic — probably Silurian — clay-slate and quartzite, 
with some sandstone and dolomite, these rocks being broken and traversed 
by a number of quartz-porphyry dykes which meet more or less radially 
to form the framework of the hill. Seventeen of such dykes are known. 
West of this hill and about 3*5 km. distant a granite mass comes to the 
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surface as part of a larger occurrence beneath. There can be no doubt 
that the quartz-porphyry dykes come from the same magma as this granite 
and that they therefore represent but another facies of that rock. 

These same dykes since their intrusion have suffered an intense altera- 
tion within a circle of about 0*75 km. radius from the hill summit, beyond 
which, after gradual dimkiution of intensity from the centre, it is no 
longer observable. In this alteration all the original components with 
the exception of zircon have been destroyed, while topaz, tourmaline, 
secondary quartz, sidcrite, cassiterite, arsenopyrite, pyrite, pyrrhotite, 
fluorite, etc., have been formed. An analysis of the quartz-porphyry thus 
topazified gave roughly 35 per cent topaz and 65 per cent quartz, with 
no trace of felspar or mica. In this percentage of quartz a considerable 
portion is of secondary formation. The alteration appears to have pro- 
ceeded in stages ; at first cassiterite and topaz were introduced, and then 
tourmaline, with wliich the siderite appears to be contemporaneous. 

Pseudomorphs of the felspars are found consisting of a mixture of 
topaz, cassiterite, and other minerals. It is interesting to note that the 
qiiar^dihcxahedra of the porphyry have likewise suffered an analogous 
pseudomorphism, ^73ie adjacent slates too are often tourmalinized, though 
on the other lu^nd no formation of topaz has been observed in them. The 
major portion of the primary ore occurs in the altered quartz-porphyry 
dykes and only to a subordinate extent in the altered slates. There are 
however, in addition, true cavity-fillings in the immediate neighbourhood of 
the quartz-porphyry, some which are larger and many which are smaller. 
These carry cassiterite, wolframite, arsenopyrite, pyrite, quartz, topaz, 
fluorite, pyrophyllite, etc., while in addition the country-rock along their 
walls is distinguished by the amount of sericite it contains. 

Mining however concerns itself but to a subordinate extent with the 
primary occurrences ; more important are the detrital or gravel-deposits 
which lie on the surface, and which, at all events in part, must be regarded 
as eluvial. The softer schistose material, surrendering more easily to the 
forces of disintegration and erosion than the more resistant porphyry, 
left the dykes of this material standing, till by reason of their inchnation 
they broke and fell, exposing thereby their pieces to a moi’e elfective attack, 
which eventually left the cassiterite in relatively concentrated form. 
Fluviatile deposits also occur though such are of little importance. 

Working in these detrital deposits are thr^e opencuts, known respect- 
ively as White Face, Slaughter Yard Face, and Brown Face. The last- 
named occurs at the outcrop of a zone traversed by numerous cassiterite 
veins, forming an occurrence which may be regarded as intermediate 
between a gossan and an eluvial deposit. The sulphides here are decom- 
posed to a depth of 90 m. or so, limonite thereby resulting. 
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Mining at Mount Bischoff began at the commencement of the ’seventies, 
soon after which, in consequence of the richness of the detrital deposits, * 
the undertaking became a brilliant success. The principal company, the 
Mount Bischoff Tin Mining Company, in the 30 years between 1870 and 
1900, distributed roughly £2,000,000 sterling in dividends. Up to t}ie end 
of 1902 about 40,000 tons of tin had been produced. It is only recently, 
by reason of the exhaustion of the detrital deposits and because of the 
lower content of the primary deposit, that the production has receded. 

The most successful tin field of Tasmania in recent years is that where, 
in a post-Silurian granite, the Blue-Tier mines occur. Some of the lodes 
there lie almost horizontal, showing thereby great resemblance to those 
of Zinnwald.^ 

The most important tin field of New South Wales lies in the Vegetable 
Creek district, near the Queensland border. In that field also, ore is only 
found in a contact-zone between granite and clay-slate, which zone accord- 
ing to Louis has a width of about 2*5 km. Roughly speaking one- third 
of the production so far from this colony has come from lodes, while the 
remainder has been derived from gravel -deposits. 

The tin lodes of Queensland, both geologically and topographically, 
are a continuation of those in New South Wales just mejitioned. Her- 
bert on district, which for many years past has yielded the largest portion 
of the total production, lies in a rocky granite country. The lodes carrying 
tin- and copper ores, together with wolframite, bismuth ores, etc., may best 
be compared with those of Cornwall. ^ Approximately two-thirds of the 
tin production of Queensland comes from lodes and one-third from gravel- 
deposits. 

Tin mining in Victoria, Western Australia, and South Australia, is 
of less importance. At Creenbushes in Western Australia, as illustrated 
in Fig. 18, tin lodes, occurring in granite, are associated both with fluviatile 
and eluvial deposits. Tourmaline is strikingly abundant at this place, 
while the presence of niobium- and tantalum minerals renders the occur- 
rence more than usually interesting.® 

In Victoria and New South Wales tin was discovered in th# year 1853. 
The cassiterite w<jn was at first shipped ; smelting in the country itself 
only began in 1867. 

1 Twolvetrecs, ‘ Outline.s of ^hc Geology of Tasmania,’ Austr. Asuoc. Ad, JSc., 1902; 
reviewed, Zeit. /. praJet. Oeol, 1002, pn. 27:i-278. 

2 W. Ediinger, ‘ t)ber die Zinnerzlagerstatten des Horberton-Distrikts,’ Zeit. f. 
prakt. Oeol, 1908. 

* Krusch, ‘ Zinnerzlagerstatten von Greenbu.slics,’ Zeit. f. prakt. Oeol, 1903, p. 378. 
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United States of America 

The occurrence of cassiterite has been established at many places 
in the United States, sometimes in primary deposits in close connection 
with granite, and sometimaB in detrital deposits ; but though mining has 
been attempted, it has never yet achieved any success, and to-day in this 
country, so rich in all other metals, no tin is produced. 

The occurrence in the Black Hills of South Dakota have so far attracted 
the greatest attention. There within two small round granite masses a 
large number of coarse-grained pegmatite dykes or lodes occur which carry 
cassiterite, tantalitc, a mineral thought to be columbite, arsenopyrite, 
auriferous chalcocite, quartz, orthoclase, albite, mica, spodumene, beryl, 
apatite, triphyline, etc. The crystals of spodumene are gigantic, sometimes 
reaching a length of 12 m. In general these lodes have a banded structure 
with mica on the walls. 

As previously mentioned,^ some authorities class these occurrences 
with magmatic segregations. It is however rather a question of 
the introduction of certain ingredients, such as tin, tantalum, lithium, 
phosphoric aci^, by pneumatolytic processes, such introduction having 
undoubtedly taken place during the magmatic period of the rock. The 
presence of greisen may also be observed. 

Small amounts of cassiterite have also been won in Wyoming and in 
the Tewcscal Mountains of South Carolina, in North ('arolina, Maine, 
Hampshire, and in Alaska. Cravel-tin has been found in Montana and 
Idaho, and together with gold in t'alifornia, Alaska,^ and at other places.® 

The tin occurrences in Mexico diher from the usual type in so far that 
they are not found in connection with granite but with rhyolite, the lava 
representative of the acid rocks. The mineral association is however the 
same as with normal granite. The deposits occur more particularly at 
Cacaria and Ek)trillas in Durango, and at Tescaltiche in Jalisco, but also 
at many other places, along joint-planes and fault-fissures in rhyolite and 
rhyolite tufi They carry kaolin, quartz, chalcedony, opal, and felspar ; 
together with specularite, fluorite, topaz, durangite, and, more rarely wol- 
framite and bismuth ore. Durangite is an arsenate of alumina and iron 
oxide, with sodium -lithium fluoride. It is worthy of remark that the tin 
won from these deposits contains a striking amount of antimony. Gravel- 
deposits have also been known in this country. Some tin was won as far 

1 Ante, p. IH7. 

2 A. J. ('ollior, U.S. Geol. Snrvej/, Bull. 250, 1005. A. Knopf, ibid., Bull. 358, 1008. 

=* Cited in Kemp’s Ore Deposit Mineral Resources of the United States, am] in The 

Mineral Industry ; upon the Black Hills, especially W. P. Blake, A7ner. Journ. Sc., 1883, 
1885; Trans. Amer. InsL Min. Eng. Xlll., 1885. 
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back as the time of the Aztecs, since when production has continued 
at different periods, though the amounts obtained however have only ^ 
exceptionally been as much as 40 tons per year.^ 

In South Africa also cassiterite has been met in more than one place 
in granite or in the near neighbourhood of that rock ; in the Transvaal 
for instance and in Swaziland. At the latter* place the occurrence is in 
dykes of granite-pegmatite.*^ , 


The Wolfram Defosits 

Wolframite, (Fe, Mn)WO^, Hiibnerite, MnWO^, and Scheclite, CaWO^, 
are found in most tin lodes, sometimes in such considerable amount that 
the wolfram ores are recovered as a valuable by-product with the cassi- 
terite. Such is the case at Herbcrton in Queensland, in Cornwall, and at 
Zinnwald and Altenberg in the Erzgebirge. In addition, there are other 
lode-districts in connection with granite where wolframite is the principal 
ore and where cassiterite is subordinate, as for instance at Panasquiera in 
the Province of Beira Baixa, Portugal. Finally, there are other occi^aences 
of wolframite where cassiterite is absent or practicaUy so. All these lodes 
nevertheless must be classed with the cassiterite group. 

As typically representative of those wolframite lodes which arc without 
tin, the deposits described by Bodenbender as occurring at Sauce, Calurnichita 
in the Sierra de Cordoba in the Argentine, may be mentioned.*'* There, 
at a height of some 1750 m. above the sea, sometimes in granite and some- 
times in the surrounding crystalline schists, quartz lodes occur, containing 
wdframitc, secondary scheelite, sulphide copper ores, molybdenite, sericite, 
quartz, apatite, fluorite, etc., but no cassiterite. The wolframite carries 
niobium. In the recent description of the wolfram-deposits in the Argentine 
by 0. von Keyserling,'^ among other features attention was particularly 
called to the absence of cassiterite from these deposits. Tourmaline is 
found in quantity in some of the lodes, fluorite on the other hand seldom 
occurs, while topaz has only been estabhshed in one occurrence. 

Beck ® recently described wolframite- quartz lodes with tourmalinized 
country-rock in tfie outer contact-zones of a tourmaline-granite at Tirpers- 
dorf near Oelsnitz in the Saxon Erzgebirge. In that district cassiterite 

* W. R. Ingalls, ‘ Tho Tin-JIoposits of Durango, Mexico,’ Trans. Amer. Inst. Min. 
Eng. XXV., 1895, and XXVII., 1897; C. W. Kompton, ibid. XXV., 1895; Halse, 
ibid. XXIX., 1899 ; F. von Richthoien, Zeit. d. I). Geol. Oes., 1869, p. 737 ; F. A. Genth, 
Proc. Amer. Phil. Soc. XXIV., 1887 ; J. L. Kleinschmidt, Berg- u. HUttenm. Ztg., 1883. 

^ L. de Launay, Les Bichesses minerales de VAfrique, Paris, 1903; H. Merensky, 
Papers, Zeit. f. prakt. Oeol., 1904, 1908 ; R, Beck and F. W. Voit, ibid., 1906, 1908. 

® Zeit. f. prakt. OeoL, 1894 ; Bol. Acad. Nacional de Ciencias de Cordoba, XVI., 1900. 

* Zeit. f. prakt. OeoL, 1909. 

Ibid., 1907. 
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is also absent as it is from some wolframite lodes occurring at Sadisdorf 
“ near Altenbei;g in the Erzgebirge, though the associated minerals, molyb- 
denite, chalcopyrite, arsenopyrite, quartz, lithia-mica, fluorite, and apatite, 
are present. 

According to The Mining Industry^ XL, 1906, numerous quartz lodes 
with wolframite and scheeiite occur in the Sorpresa mine. Las Caberas, 
Spain, along ^le contact between granite and Cambrian slate. 

Some of the most productive wolfram mines in the United States at 
present are found in Boulder County, Colorado, where the ore occurs in 
close connection with some approximately parallel andesite dykes which 
traverse slate and granite. According to W. Lindgren however ^ these 
wolframite- quartz lodes may probably be connected with the granite. 
From this district about one-third of the world’s production of wolfram 
is now derived. In Kern County, California, scheelite is exploited 
in lodes which at first were worked for silver and lead and which 
therefore in all probability do not belong to the tin-wolfram group. In 
Brazil near Encrucilhada, more particularly in the Progresso mine, 
wolfr^^ lodes occur, which of late have been very productive. The ore 
there is accompanied by quartz. 

The price of wolframite, in consequence of the increasing application 
of wolfram-steel, has latterly risen considerably. While in 1900 for ores 
with a minimum of 60 per cent WO^ it was one shilling per kg. of WO^, 
in 1906 it had risen to 3s. or 3s. 6d. per kg. Of late however it has 
fallen again. 

The production of wolfram has latterly much increased and may be 
reckoned to be yearly some 3000-4000 tons of ore containing on an average 
60 per cent of WO^. The production for 1906, using in some districts the 
figures for 1905, was made up as follows : (1) from lodes of wolframite 
with little or no cassiterite : Boulder County, Colorado, about 750 tons ; 
Beira Baixa, Portugal, 200-250 tons ; Las Caberas, Spain, about 150 
tons ; the amount obtained from Tirpersdorf and Altenberg in Saxony is 
small ; (2) from tin mines which recover wolframite as a by-product : 
Herberton .listrict and other places in Queensland, 710 tons ; New 
South Wales, 132 tons of wolframite and 138 tons of scheelite; Tasmania, 20 
tons of wolframite ; Cornwall, 250 tons ; Zinnwald, some 50 tons ; and the 
remaining occurrences decreasingly smaller amounts ; (3) from the 
silver-lead- wolf ram lodes of California, some 120 tons. 

Molybdenite is not infrequently found in tin- and wolfram lodes, 
appearing especially to seek the company of wolframite. In addition, 
it occurs now .and then with pyrite in separate quartz lodes in close 
connection with granite. Such an occurrence is found at the Knaben 


1 Econ. Geol, 1907. 


2 G 
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mine in Fjotland, southern Norway. Some molybdenum ore is regularly 
won in Norway, Australia, Canada, and other countries. Figures of price 
and production have already been given. ^ 

Reference has already been made to the connection of the ores of 
uranium with wolfram deposits.^ 

The Cryolite Deposits of Ivigtut, Greenland 
LITERATURE 

F. JoHNSTRUP. Discussion, Scandinavian Scientific Association, Stockholm, 1883. — 
F. ZiRKBL. Lehrbuch dcr Petrographic, III., 1894, p. 444. — O. B. Boggild. Mincralogia 
Groonlandica. Copenhagen, 1905. — N. V. Ussing. Geograf. Tiddnskrift, XIX. Copenhagen, 
1907-1908. — C. F. Jakl. Celebration Publication. ‘Fabrikken Oresund, 1859-1909,’ 
the History and Development of the Cryolite Industry. Copenhagen, 1909. 

The mineral cryolite, Na^^AlF^ with 54*4 per cent of fluorine, forms at 
Ivigtut on the Arsut Fjord, along the south-west coast of Greenland, a well- 
known deposit 155 m. long and 30-55 m. wide, dimensions which are 
maintained in depth as far as mining operations have yet proceeded. 
The country-rock consists of gneiss, granite, and granite-porphyry^.^ 

In the central portion of the mass, cryolite, mix(^d with quartz, sidcrite, 
sphalerite, galena, chalcopyrite, and a little pyrite, predominates, the galena 
carrying about 0*7 per cent of silver. The pegmatitically-dcveloped 
marginal portions, containing but little cryolite, consist of quartz and 
felspar together with the above-mentioned ores, and, in addition, wolfra- 
mite, cassiterite, columbite, molybdenite, etc. ; fluorite also is found 
though quite subordinately. As secondary minerals the following must be 
mentioned : tomsenolite, the hydrous Ca-Na-Al fluoride ; pachnolite and 
gearsutite ; ralstonite, the hydrous Na-Mg-Al fluoride ; cryolitionite, the 
Na-Li-Al fluoride, etc. Besides the snow-white cryolite, grey or even almost 
black radioactive varieties sometimes occur. 

Within the cryolite mass angular fragments of granite up to 3-5 m. in 
length occur, while the quartz-porphyry on the walls, for a foot or so, is 
altered to what may be termed a greisen. These phenomena, taken in con- 
junction with the presence of cassiterite, wt)lframite, and columbite, 
indicate that genetically this cryolite deposit must be regarded as a sort 
of facies of the tin group. This was indeed the view of Daubr6e,^ while 
later authorities, including^ Ussing so late as 1907-1908, have adopted the 
same view. It is worthy of remark that while in this deposit fluorine 
plays so important a part, minerals containing boron and phosphorus are 
absent. This is also the case with topaz. 

This unique deposit was discovered at the end of the eighteenth century. 

^ Ante, pp. 207 and 208. 2 p. 423 

^ Geol experim.y 1879, p. 31. 
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In 1854 mining by opencut was begun, which opencut to-day has reached a 
depth of about 45 m. Altogether some 350,000 tons of cryolite have been 
exported, of which amount 307,731 tons had been obtained up to the 
year 1901. The roughly sorted ore, consisting of about 90 per cent of 
cryolite, 5 per cent siderite, 3-4 per cent quartz, and 1 per cent of galena, 
sphalerite, chalcopyrite, and pyrite together, is sent to Copenhagen to be 
there more c!trefully concentrated. Cryolite with about 2 per cent of silica 
is used in the manufacture of opalescent glass, and of enamel for iron-ware ; 
while a considerable amount, not containing more than 0*2 per cent 
of silica, is used in the production of aluminium. Formerly also, the raw 
material was particularly used in the production of soda. 

In addition to the occurrence just described, cryolite has also been 
shown to occur in a topaz mine in the llmenite Range of the Ural Mountains. 
It has further been found at Pike’s Peak, Colorado, with microcline, astro- 
phyllite, columbite, etc. ; ^ and also in the Yellowstone Park. 

The interesting occurrence of smaragdite at Minne, in Eidsvold, 
Norway, where the presence of to})az has also been established, belongs 
gene^vitally to the tin group in the wider sense of the term. Though 
the same may also be said of some other smaragdite occurrences, it is 
nevertheless the case that the most important deposits of this mineral 
occur in contact -metamorphic mica -schists, such deposits having no 
connection whatever with the tin group. 


Apatite Lodes within or in the Neighbourhood op Granite 

The phosphates so characteristic of the tin lodes, and especially apatite, 
amblygoiiite, triphyline, etc., occasionally occur in those lodes in consider- 
able amount. Apatite for example occurs plentifully in the tin lodes of the 
Black Hills, Dakota.® In some of the granite-pegmatite dykes of southern 
Norway, apatite as a by-product has also been recovered with microcline. 
About the year 1900 some tin mines in Montebras, France, were 
worked chiefly for amblygoiiite, this mineral being employed in the 
production of lithia preparations. 

In the province of Estremadura in south-west Spain, and in the 
adjacent province of Alemtejo in Portugal, apatite-bearing quartz lodes 
are known, such as probably are genetically connected with granite. 
Some at Marvao, Portalegre, Zarza, Ceclavin, and Zarzala Major, occur 
actually in granite, while others, as at Logrosan, occur in slate, though 
in the neighbourhood of granite. Mining operations upon these occur- 


1 Whitmann Cross and Hillebrand, Amer Jour. Sc, XXVII. 
2 Ante, p, 447, 
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rences formerly produced as much as 20,000 tons of apatite per year.^ ^ 
Latterly however the production from Spain has greatly diminished, while 
that from Portugal has entirely ceased. 

Of quite another geological position is the occurrence at Jumilla 
in Murcia, Spain, recently described by A. Osann.^ There, in a basic 
eruptive rock rich in sanidine and leu cite, which rock Osann termed 
‘ jumillite,’ a network of veins occurs, which veins arc particularly rich 
in apatite and calcite. Along these the jumillite is altered. This 
occurrence some decades ago was worked down to a depth of some 50 m., 
for apatite. 

Apatite Lodes within or in the Neighbourhood oe (Ubbro 
LITERATURE 

Norway : W. C. Brooger and H. Reuscii. Zeit. d. D. Geol. Gcs,, 1875 ; and Nyt, 
Mag. f. Naturv. XXV., 1880. — H. Sjogren. Geol. Eorcn. Edrh. VT., 1888 ; VII., 1884. — 

J. H. L. Vogt. Ibid., VI., 188.3 ; XIV., 1892 ; and particularly Zoit. f. prakt. Gcol., 1895, 
pp. 307-370, 444-459, 405-740. — A. Lacroix. Bull, de la Soc. Iran, de min. XII, , 1889. 

Gellivara-Dundret ; Swedish Commission’s Report, 1890, 1892 (cit. ante).— W. C. 
BrOoger, G. Lofstrand, Hj. Lundbohm, H. von Post, E. V. Svenoniuh, ot^*^Gool. 
Foren. Forh,, 1889-1892. 

Canada : F. D. Adams and A. C. Lawson. ‘ On some Canadian ^ Rocks containing 
Scapolite, with a few notes on some Rocks associated with the Apatite Deposits,’ Can. Roc. 
of Sc., 1888. — Sterry Hunt. Reports to Geol. Survey, Canada, 1803"1866. — B. J. 
Harrington, G. C. Hofmann, E. Costk, Director Selwyn, R. W. Ells, E. D. Ingall. 
Reports, Geol. Survey, Canada.— J. W. Dawson. Quart. Jour. Geol. XXXII., 1876.— 

R. A. F. Penrose. U.S. Geol. Survey, Bull. 46, 1888.— R. W. Ells and J. Burley Smith. 
Min. Assoc. Province Quebec, 1891, 1892, 1893. — Ells. Can. Rcc. of Sc., 1895. — A. Osann. 
Geol. Survey, Canada, 1902. 

' In the fundamental rocks of south-east Norway, within the coastal 
district about 110 km. long and 25 km. wide which stretches between 
Lillesand and Langesund, a large number of apatite lodes are found of which 
however but few reach any great size. Smaller lodes are also known at 
Nissedal and Snarum farther to the north in Norway, and around 
Dundret near Gellivara in northern Sweden. 

It is characteristic of all these lodes that they occur either within or 
in the closest proximity to a gabbro rock, generally an olivine-hyperite, that 
is ohvine-gabbro ^th ophitic structure. Less frequently they are found 
in gabbro or olivine-gabbro of normal texture, but never in norite. 

The lode material, mineralogically, is distinguished by the occurrence 
of chlor-apatite, rutile, ilmenite, pyrrhotite, enstatite, hornblende, biotite, 
scapolite, and more seldom of wagnerite MggFPO^, felspar, quartz, augite, 
pyrite, chalcopyrite, specularite, magnetite, titanite, yttrotitanite, pseudo- 

1 Fuchs and de Launay, Vol. I., p. 348 ; Hernandez Pacheco, ‘ Los filones cstanniferos 
de la provincia de Caceres,’ Bol. Soc. Esp. de Ilisi, Nat. II., 1902 ; Zeit. f. prakt, Qeol., 1907, 
p. 209. 

2 Pamphlet issued at the Rosenbusuh celebrations, 1906. 
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brookite, prehnite, calcite, tourmaline, etc. Of interest also is the fact that 
in some of the lodes at Oedegaarden, thorite has been demonstrated to 
occur. These many minerals often occur in very large individual crystals, 


those of enstatite for instance being some- 
times as much as 0-4 m. long. Their ar- 
rangement also is often m such bands or 
crusts as weije remarked with the tin lodes, 
having in this case however, as illustrated 
in Fig. 276, mica and hornblende towards 
the walls and apatite in the centre. The 
lodes actually within the gabbro, as illustra- 
ted in Fig. 277, follow in general the ordinary 
joints and contraction-planes of the rock, 
in which again they behave similarly to 
the tin lodes. Those occurring in the sur- 
rounding gneiss on the other hand generally 
maintain a direction more or less parallel to 
the ^sc^^istosity, though frequent exceptions 
to tliis rule are obt^.rvable. Where the 




walls are of gabbro it is usual to find this 
rock altered to a scapolite-hornblende rock, 
or to one containing scapolite, enstatite, etc. 
Cases of tliis are illustrated in Figs. 276, 


Fi<i, 276. — Aimlitt' Idle at Re- 
gaardsliei showing hornblende and 
jnica on the walls, mid apatite in 
the centre. Vogt, f. prakt. 

(kol., 1905. 


277, and 278. Where the lodes are numerous 

and close together, as at Oedegaarden in Bamlc, the olivine-hyperite which 
envelops them is, as illustrated in Fig. 279, almost entirely altered. In 
the process of this metamorphism the diallage, and perhaps also the olivine, 





Apatite lodoM Scapolite-horn- Gabbro 

blende lock, orolivnie- 
hypento. 


Fig. 277. — Section at Ilusaas in the neighbourhood of Risor. Vogt. 


is altered, chiefly to hornblende, and the plagioclase, by the addition of some 
4-5 per cent of NaCl, to scapolite, while the iroft minerals of the primary 
rock are in greater part leached. This alteration is also often rendered 
the more complete by the introduction of secondarily formed rutile. 
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The lodes again exliibit quite a number of different facies. The most 
widely distributed are the apatite lodes proper, containing that mineral 

together with some hornblende, en- 
statite, and mica. With a few, wagner- 
ite predominates. Others contain apatite 
with much rujtile, much pyrrhotite, or 
much specularite. In addition there are 
lodes which consist almost exclusively of 
rutile, or pyrrhotite and rutile, or spccu- 
larite alone. In this connection the rock 
krageroite, described by Brogger as con- 
sisting of rutile with a moderately acid 
plagioclase,^ deserves mention.^ 

Without doubt the most important 
apatite field in Norway is that of Oede- 
gaarden in Bamle, from which since 
1872 about 140,000 tons of apatite, pure 
to the extent of about 97 per cen^ have 
been produced. In some years the ‘out- 
put reached as much as 10, 000-1 5,000 
tons, while in other years it has been 
as low as 2500 tons. The mines are 
now approximately 150 m. deep. The rutile occurrences produced about 
100 tons annually. 

From the invariable association of the apatite lodes with gabbro at 
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Ki(} 278. — Apatite lodes in olivine- 
hyperite at Regaardshei ; compare P’lg. 
276. Vogt. 



Fi«. 279. — Apatite lodes iy scapolite-hornblcude rock at Oedegaarden. Vogt. 


so many different places, it follows that they are genetically connected with 
that rock, as the tin lodes are with granite.^ 

. The Canadian apatite lodes in the fundamental rocks between Kingston 

* Oes, d. Wias.f Christiania, Dec. 1903. 

* Ante, p. 278. ® Ante, pp. 420, 421. 
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and Ottawa resemble the Norwegian occurrences in their principal features, 
though at the same time they present a number of divergent properties. 
They are found in close association with so-called pyroxenito, a sort of 
gabbro rock. The apatite is fluor-apatite with a small chlorine content ; 
augite occurs, but no enstatite ; then occur biotite, scapolite, felspar, quartz, 
calcite, titanite, ilmenite,^ different sulphides, or altogether a mineral- 
family identical, in general at all events, with the occurrences in Norway. 
In Canada aW a secondary formation of scapohte in the country-rock 
has been observed, though one by far not so characteristic as that with the 
Norwegian occurrences. In view of these facts the present Canadian 
investigators, and with them Osann, have applied the theory of genesis 
evolved for the Norwegian occurrences, to those of Canada. 

The Canadian production from 18()0 to 1890 varied between 20,000 
and 30,000 tons per year, since when however, in consequence of the drop 
in the price of phosphates, it has fallen to a very low figure. 


ANNEX ■ 

The following tdblc of those minerals of the augite -syenite and 
nepheline-syenite pegmatite dykes, as are distinguished particularly by 
containing ZrO.„ and F, taken from Brogger’s work in 1890,^ is 

inserted here as being pertinent to the discussion of the formation of 
minerals by pneumatolytic addition, during the consolidation of a magma. 
Almost the same mineral-family is found in the petrographically corre- 
sponding district of Kangardluarsuak in Greenland. As is seen, many 
of the pneumatolytic minerals of the augite- and nepheline-syenites are 
characterized by halogen elements, a fact which constitutes a further 
analogy between the genetically corresponding minerals of granite on the 
one side and those of gabbro on the other. In addition, boric acid often 
appears, and in one case much stannic oxide. There is however this essential 
difference, that the tin, wolfram, etc., of the pneumatolytic deposits associ- 
ated with granite, and the titanium, phosphorus, etc., of those with gabbro, 
are in the case of the augite- and nepheline-syenite dykes replaced more 
particularly by zirconium and thorium. This is a pTrenomenon which 
probably is referable to the composition of the parent magma of the rock 
concerned. , 

^ Zeit. /. Krist. u, Min, Vol. XVT. 
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Per cent 

Per 


Per 

Per 

Per 

Per 


F. 

cent 


cent 

cent 

cent 

cent 



(;i. ‘’J’'-- 

Aa. 

S. 

ZrOo. 

SnOa. 

RosenbuBchite 

5-8:i 




20- 10 


Lavonite 

382 




.30-00 


Wohlorite 

2-98 





16-10 


Hiortdahlitc 

5-83 





21-50 


Moaandrite . 

2*60 





2-80 


J ohnstrupito 

5-98 




. / 



Pyrochloro . 

about 4*00 







Melinophano 

5*43 







Leucophane . 

5-94 







Astrophyllite 

0-97 







Fluorite 

48-72 







Melanocerito 

5-78 


319 



0-50 


Karyoceritc . 

5-()3 


4-70 



0-60 


Tritomite 

.3-1 


7-8 



1-10 


Tourmaline . 

about 0-75 


about 9-00 





Erdmannite (ao called) 



about 8-00 





Homilite . . . j 



l()-5i 





Cappelinite . 



17-13 





Datolite 



21-88 





Nordenakidldine . . 1 



25-33 



6-90 

53-70 

Ham berg ite . 



.37-16 





Eukolite . , . : 


1-2 




15-30^ 


Sodalite . . . 1 


7-31 





’ *.. 

Helvite . 




5-71 



Lollingite 


i 

72-17 

0-37 



Molybdenite . 


1 ... 1 

41-63 



Sphalerite . , . ' 



! 

33 00 



Iron-pyrito . 

1 ... j 

... 

53 .33 ' 



Galena . 

1 1 

i 1 

1.3-40 ; 



Chalcopyrite 

, 1 


.34-89 ! 



Polymignite . . ,1 

1 


... 1 

29’70 


Kataplcito . . . ! 

1 

' 


29-40 


Zircon .... 

. - 


i 

1 


67-00 




THE QUICKSILVEE GROUP 

LITERATURE 

G. F. Becker. ‘ Quicksilver Do]iosits of the Pacino Slo])e/ U.S. Geol. kSiirvcy, Mon., 
Xni., 1888; Supplemented, Mineral Uosourees of United States, 1892. — A. Schrauf. 
‘ Aphoriamen iibor Zitmober,’ Zeit. f. ])rakt. Geol., 1894, p. 10. — P. Khusch. ‘ Vorkommen 
und Entstehung der Quicksilbererze,’ Prometheus, 1890, pp. 437, 458. 

GiENERAHiY speaking, two kinds of quicksilver deposits may be differ- 
entiat(^d, firstly that in which the metal occurs in the form of cinnabar, 
and to this kind by, far the greater number and the most important 
occurrences belong ; and secondly that where quicksilver is an essential 
constituent of tetrahedrite, as for instance at Schwaz in the Tyrol, in the 
Zips mountains of northern Hungary, and in Bosnia, etc. 

As already stated in the section upon ores,^ cinnabar is also formed 
in the oxidation zone from the decomposition of tetrahedrite. Though 
therefore a deposit which contains cinnabar near the surface may also carry 
that mineral in depth, there is the possibility that tetrahedrite may there 
be found to occur. When developing such outcrop occurrences therefore, 
it is necessary to determine whether or not other heavy-metal compounds 
are present. While the primary cinnabar occurrences are poor in all such 
heavy metals, in the case of tetrahedrite on the other hand, copper plays 
an important part. 

Besides cinnabar other combinations of quicksilver are found in small 
amounts ijj the deposits of that mineral ; native quicksilver for instance, 
which is generally secondary and the result of tectonic or^ihemical-geological 
processes upon the primary ore ; silver-amalgam, as at Moschellandsberg 
near Rheinpfalz, and at Idria, etc. ; and some very infrequently occurring 
selenium- and tellurium ores. Metacinnabarite, occurring in some mines 
in California, at Huitzuco in Mexico, at Moschellandsberg in Italy, and in 
New Zealand, is, according to Schrauf, the relatively light cubically crystal- 
line modification of mercuric sulphide such as is formed for instance by the 
action of sulphuretted hydrogen upon the metal. 

* AnUf p. 84. 
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As seen from the table on the opposite page, compiled by Becker 
in 1892 and supplemented by Schrauf in 1894, of all the heavy- metal ^ 
sulphides, pyrite, occasionally with marcasite, is the most frequent associate 
of cinnabar ; in comparison with it, galena, sphalerite, and chalcopyrite 
fall far behind. On the other hand stibnite, and now and then other 
antimony ores, and such arsenic ores as realgar, orpiment, and arseno- 
p 3 a’ite, are well represented. In some of the younger (quicksilver deposits 
gold and silver also are found, though in most cases they ai^ absent. 

By far the most frequent gangue mineral is quartz, which is accom- 
panied by chalcedony and opal. After quartz come calcite and dolomite, 
then barite and selenite, while fluorite is exceptional. Most singular and 
important is the frequent occurrence of bitumen in the form of dift’erent 
hydro-carbons. This association, in conjunction with the fact that bitumen 
precipitates cinnabar from solfataras, makes it likely that this material 
plays genetically a very important part. 

Becker rightly called particular attention to the fact that most quick- 
silver deposits occur along pronounced tectonic lines. Tliis is especially 
plainly to be seen from the disposition of the North American occurrences, 
which lie on the west slope of that continent, that is along a mourfcain 
chain which has been subject to intense geological (Jisturbance.. 

Most occurrences again are associated with young efuq)tive rocks : 
those of California with basalt, andesite, and in one case with rhyolite ; 
those of Mexico, it is stated, with pitchstone-porphyry. In Texas they are 
found in the neighbourhood of andesite and trachyte ; in Peru, of trachyte ; 
and in the Monte Amiata district, Tuscany, of young eruptive rocks and 
their tuffs. At Vallalta in northern Italy, quartz-porphyry occurs ; near 
Alniaden, diabase ; while on the Avala hill near Belgrade the ore is closely 
connected with serpentine. 

As with the gold- and silver-deposits, there is likewise some justification 
for dividing the quicksilver-deposits into a younger and an older group. 
The first, extending from and including the Tertiary, is represented par- 
ticularly in California, Texas, Mexico, Peru, Italy, Persia, Japan, New 
Zealanci, etc., while in Idria the deposit also appears to be fairly young. 

To the older group^belong the deposits at Almaden in Spain, Moschellands- 
berg in the Rheinpfalz, and Nikitovka in southern Russia. Mineralogically 
and genetically however no differences exist between the two groups, 
which consequently may not be considered apart. 

In relation to the manner of their occurrence, the deposits of cinnabar 
may be differentiated from those of quicksilver-bearing tetrahedrite. These 
latter at all points resemble the sulphide lead, silver, zinc, or copper lodes, 
and accordingly appear as simple or composite lodes of varying thickness. 
With the cinnabar deposits on the other hand the filling of the fissures up 
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which the quicksilver solutions ascended, usually plays but a small part, 
impregnation of the country -rock being the principal form of the » 
occurrence. Of such impregnation there are, according to the nature of 
the country-rock, two types : the quicksilver either fills the pores of 
porous rocks such as sandstone, quartzite, or conglomerate ; or it occurs 
in shattered limestone filling the crevices sa completely that the rock 
throughout is veined with ore. ^ 

To the first type belong : Almaden, the most important occurrence in 
the world ; Nikitovka ; Huancavelica ; the Pfalz deposits, etc. Such ores 
are also known to occur in California, Italy, and the Asturias. With these 
deposits the displacement of the siliceous constituents of sandstone and 
quartzite by the ore is such, that large, entirely metasomatic bodies of pure 
or almost pure cinnabar may take the place of sandstone, a rock which 
chemically and geologically is usually so resistant. The rich ore- 
bodies of Almaden for example are thus to be explained. Mechanically 
and chemically the deposits of this type provide the cleaner ore. 

The impregnations in hmestone show no such striking metasomatis, 
and with them, therefore, large pure masses of ore are rare. JCcjiially 
so are wide fissure-fillings. Where these latter do, occur, as for instance 
in the south-east mine at Idria and in California, the ore itself dccupies but 
a fraction of the filling, which filling consists chiefly of breccia. 

A differentiation of cinnabar ores may also be based on their different 
colour. On account of their close connection with bitumen on the one side 
and with hmestone on the other, two classes may be discriminated ; the 
one more or less dark, because of the large amount of bitumen contained ; 
anej^the other more or less scarlet according as cinnabar or limestone pre- 
dominates. To the first class belong quicksilver lebererz and the almost 
black korallenerz. 

Concerning the origin of quicksilver deposits, an important factor is 
the relation of these to large tectonic disturbances and to places of great 
volcanic activity. In addition, the frequent association with sulphides, 
and very exceptionally also with selenides and tellurides, is significant. 

It is also important in this connection that, apart from chlorine ^.nd fluorine 
combinations quite small in amount, all those minerals characteristic of 
the tin lodes are absent. Fluorite for instance is extremely seldom met, 
while such chlorine compoimds as calomel and the complex compounds of 
mercury occur as the greatest rarities, when, even then, they may be 
secondary. 

From the frequent occurrence of cinnabar in porous and shattered 
rqpks the conclusion may unhesitatingly be drawn that these rocks were 
saturated with solutions carrying quicksilver. 

Naturally with many deposits of the older group it is in many cases no 
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longer possible to come to any conclusion regarding the extent to which 
volcanic and‘thermal phenomena participated in their formation. With the 
younger group on the other hand there are a number of localities where the 
intimate association with young volcanic rocks and thermal deposits is 
actually observable. To these latt(^ belong the Californian deposits, Sulphur 
Bank, Moncanita, Redington Valley ; those at Steamboat Springs in 
Nevada ; several in Mexico; Huancavelica in Peru ; others in New Zealand, 
at Monte Amiata, and in Persia. Of special importance genetically are the 
occurrences at Sulphur Bank and Steamboat Springs, where hot springs 
still continue to deposit quicksilver.^ In New Zealand also two warm 
sulphur springs are known in process of impregnating sandstone with 
cinnabar and of coating the sides of a fissure with metacinnabarite 
and native quicksilver. Conformable to this observed association with 
eruptive rocks, springs and spring deposits containing quicksilver compounds 
are found at other places. Such for instance is the case with the fumaroles 
of Puzziioli near Naples, and the thermal springs of St. Nectaire, Puy de 
Dome, France. 

/JThfe hot springs at Sulphur Bank and Steamboat Springs contain 
sodium chloride plentifully, together with some carbonate and sulphate, 
and in addition ,so much boric acid that borax becomes precipitated. They 
further contain sodium sulphide and various sulpho-salts of arsenic and 
antimony. Traces of quicksilver may also at times be detected analytically 
in hot springs from which carbonic acid, sulphuretted hydrogen, sulphur 
dioxide, and other gases arc escaping. As with all such solfataras, on 
account of insufficient oxidation and the consequent interaction between 
H^S and SO^, native sulphur becomes precipitated where they emerge. 
Cinnabar on the other hand is deposited before the surface is reached. 

Becker is of the opinion that in these recent hot springs cinnabar is 
not present as a mechanically involved sulphide nor as a dissolved chloride, 
but rather as a soluble double-sulphide of the formula HgS . nNa^S. He 
and Melville have demonstrated experimentally that HgS is somewhat 
soluble in a hot solution of Na.^S 4- H^S, though not in cold NaHS. 

Precipitation of the cinnabar takes place either by evaporation of the 
solution ; by oxidation ; by escape of the sulphuretted hydrogen conse- 
quent upon the decomposition of Na,,S ; or finally, by the reducing action 
of hydrocarbons.^ Simultaneously with the cinnabar, other sulphides 
such as Sb.^S^, resulting from the decomposition of the sulpho-salts, would 
be precipitated, together with silica and calcium carbonate. For the 
further understanding of the conditions obtaining at the formation of 
cinnabar it must be pointed out that L. de Koniiick ® by slow oxidation, 

1 Ante, p. 182. ‘ Ante, p. 458. 

® Zeii. f. angew. Chem., 91. 
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namely by placing HgS in the open with Na.^S, obtained crystals of cinnabar 
1 mm. in size. Weinschenk also,i by the action of sulphuretted hydrogen ' 
at a temperature of 230°-250° C. and under high pressure, produced good 
cinnabar crystals from a quicksilver solution. 

The theory promulgated by Becffer in regard to the Californian, 
Mexican, and Peruvian occurrences, may also b*e taken to hold good for the 
majority of the older deposits. The question of the genesis^ of quicksilver 
ores in general is thus more firmly grasped than is the case with the majority 
of the other lode-like deposits. Though, however, this may be so, neverthe- 
less, the actual source of the quicksilver and the chemical processes which 
led to its extraction remain unknown. With regard to the Californian 
occurrences, Becker in advancing the suggestion that the heated waters 
derived their quicksilver from granite situated below, ventured an hypo- 
thesis which from the nature of the case could but lack secure foundation. 
The pronounced connection of these deposits, monotonous in character and 
widely distributed as they are, with eruptive rocks, and their occurrence 
along tectonic lines, make it probable that the source of the quicksilver 
is everywhere deep-seated and the same, and that the extractioR erf the 
metal took place directly out of the magma of the crhptive rock^ concerned. 

The quicksilver deposits are in greater part of young; formation and 
have arisen comparatively speaking near the surface. Such circumstances 
of formation postulate a fairly sharp line between tliem and the deposits 
of other ores, though at Steamboat Springs, at the Comstock Lode,^ and at 
several places in Mexico, Peru, and the Carpathians, young quicksilver ^ 
occurrences are found together with young silver-gold lodes. Even in these 
cas^s however it must not be overlooked that the ores carried in the two 
classes of deposit are quite different. Silver-gold ores occur extremely 
seldom in quicksilver deposits, while quicksilver usually is entirely wanting 
in the young as well as in the old silver-gold lodes. Tetrahedrite however 
which may contain material quantities of both silver and quicksilver, may, 
when it is present, perhaps be regarded as a transition ore. It must also 
be remarked in this connection that the native silver of Kongsberg in 
Norway often contains quicksilver, and that in the metasoniatfc silver-lead 
deposits at Sala in Sweden, silver-amalgam, native quicksilver, and in 
some places cinnabar especially, occur, though only in very small amount.^ 

In relation to the quicksilver content, Almaden with an average of* 
8 per cent is unique ; all other deposits contain considerably less. At 
New Almaden in California, the content is 2 per cent ; at Idria, about 
1 per cent ; at Nikitovka, 0*75 per cent ; and at Vallalta in Lombardy, 

e 

‘ Zeit. J. Krist. Min. XVII., 1890 
' * Poatea, p. 467. 

» Hj Sjogren, Qeol. Foren. Fork XXJL, 1900. 
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about 0-50 per cent of the material hoisted. With some deposits, particu- 
larly Almadfen and Idria, the percentage of quicksilver has increased in 
depth, while with others, such as those at Moschellandsberg and some in 
Asia Minor, the deposit in greater depth has become unpayable. The 
statistics given previously on pp. 202, 203, and 207, 208, are completed 
below by ‘figures taken frOm Becker, B. Neumann,^ and from the yearly 
statistics of -^the Melallgesellschaft and the Metallurgische Gesellschaft, 
Frankfort. 


World’s Production of Quicksilver 
111 Metric Tons 



J800. 

J85U. 

1870. 

1890. 

, 1900. 

1905. 

Ahnaden . 

844 

about 880 

1.345 

1813 

1096 

834 

Idria . 

402 

142 

370 

642 

510 

I 570 

Hungary . 


42 

26 

8 

32 

Italy . 



47 

449 

260 

352 

Russia 




292 

304 

318 

(^a^foipia . ^ 


1 (for 1851) 

1044 

795 

910 

1 1043 

Texas 

« 



70 

j 

Mexico 




01 

124 

190 

Peru . 

a little 




... 


Total tons . 

about 1300 

about 2000 

2800 

1 :1950 

1 

3300 

3300 


The total outputs of the most important mines are as follows : 


Tons. 

Almadon, 1504-1007 . . . 169,000 

Idria, 1525-1908 .... 72,000 

California, 1850-1908 . . 7:1,000 

Huancavclica, 1571-1825 . . . 52,000 


Quicksilver is sold by the flask, ^ the content of which varies somewhat 
in different countries. In Spain it contains 34-5 kg. ; in California, Russia, 
and Italy, 34*7 kg. ; and in Mexico, 34*05 kg. The average price per kg. 
in Europe has been as follows : ^ 

s. 0. 

1810-1835 ... 3 6 per kg. 

1830-1852 ... 7 0 „ 

1863-1870 . . .4 1,, 

1871-1875 . . 8* 0 „ 

1876-1900 . . .4 0,, 

1901-1908 . . .4 3,, 


^ Die MetallCy 1904. 

* Ante, p. 208, and postea, p. 468. 

* Ante, p. 208, md postea, p. 408, 
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The Quicksilver Deposits of California ; inclvding 
Steamboat Springs 

literature 

G. F. Becker. ‘ Quicksilver Deposits of the Pacifici Sloi)e,’ U.S. Geol. Survey, Mon., 
XIII., 1888 ; ‘ Quicksilver Ore Deposits, Mineral Resources of the United States,’ 1892, 
p. 139. — P. Krusoh. ‘Vorkommcn und Entstchung der Quicksilberei^.o,’ Prometheus, 
1896, pp. 437, 458. — W. Forstner. ‘The Quicksilver Deposits of California,’ Eng. and 
Min. Jour., 1904, p. 385. 

These deposits occur along the Californian sea-board where the country 
in general consists of strongly metamorphosed Neocomian sandstone and 
slate. Of the eruptive rocks present, the granite, which apparently underhes 
the whole district, ‘shows itself, both in the Coast Ranges and at Steamboat 
Springs, to be quite coarse-grained. Other pre-Tertiary eruptive rocks 
are, porphyry in the Coast Ranges and diabase at Steamboat Springs, while 
young lavas are represented in both places by andesite, basalt, and rhyolite. 

According to Becker, the alteration of the strata, which in their original 
condition yield specimens of the fossil genus Amelia^ took place Ibw^irds 
the end of the Neocomian period when the folding began which continued 
till the middle of the Cretaceous. Later, in Tertiary times, tl>e whole district 
was once again visited by far-reaching tectonic movements. Of the different 
rocks mentioned, the sandstone, which fully participated in all the alteration 
occasioned by these disturbances, is the most important carrier of the 
cinnabar. 

The disposition of the ‘deposits is as follows : to the north, at Clear 
Lak€, Sulphur Bank, the Knoxville district, Great Western, and Great 
Eastern ; farther to the south, at New Almaden and New Idria; and finally, 
farther to the east, at Steamboat Springs, all these places being indicated 
on the map which constitutes Fig. 280. 

In connection with the young eruptive rocks, hot springs in great 
number break forth, which in themselves, and in the sometimes beautifully 
coloured sinter which they deposit, impart a unique character to the 
landscape. * 

The neighboufhoodof Clear Lake is characterized by lava flows, volcanic 
peaks, deposits of borax, and thermal springs. The sediments belong 
to the Neocomian, to the Upper Cretaceous represented here by the 
Chico Series, and to the Eocene represented by the Tejon. The borax 
deposits and the hot springs, as well as the deposits of cinnabar and native 
sulphur, are connected with basalt eruptions. At Sulphur Bank, quite close, 
there is also a similar basalt occurrence accompanied by hot solfataras. 
A little to the south-east, at Knoxville, the deeper portions of the much 
metamorphosed Neocomian sandstone carry cinnabar. The upper layers 
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of this sandstone and the lower portion of the weathered basalt lying upon 
it are impregnated with a mixture of cinnabar and sulphur, while the upper- 
most portion of the basalt carries sulphur only, which, even to-day, as 
the result of the oxidation of sulphuretted hydrogen, continues to separate. 
In addition to cinnabar the ore consists of pyrite and marcasite, with quartz, 
chalcedony, and calcite, as gangue. 



At the Redington mine two fissures with cinnabar filhng, form the 
essential part of the occurrence. At one place there, solfatara gases still 
escape, while borax-springs are common. It is interesting to note that the 
California mine in the same district formerly produced much metacinna- 
barite. At Oat Hill there are several mines. The sediments at that place 
belong to the serpentinized Knoxville sandstone of the Neocomian forma- 
tion ; they have been broken by andesites and basalts. At Lidell hot 
springs are still active. The principal mine works a deposit occurring in 
VOL. I 2 H 
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sandstone, which lies almost horizontal and is traversed by veins dipping 
less than 45°. From these veins the ore extends into the rock, principally 



a 0 

Fid. 281. — Form of the quicksilver lodes in California. Hecker. 
a, Normal lode, A, ehamber lode. 


along the bedding-planes. The Great Western and Great Eastern mines 
carry cinnabar both in the serpentinized sandstone and in that which is un- 
altered. The ore in the latter mine has been followed to a depth of {I50deet. 



Sandstone. Serpentine. Quicksilver- Ore. Quicksilver- Serpen- Sandstone Ore. 

bearing rock. bearing rock. tine, not serpentinized. 

« 

Fio. 282. — Section-s of the Great Eastern mine, California. Becker. 


Farther to the south comes the New Almaden district, the richest in 
Clilifornia. Here, lying upon metamorphosed rocks of the Lower Cre- 
taceous formation, much-folded Miocene sandstone is found intruded by a 
rhyolite which is stated to be the only occurrence of this rock in all 
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California. In that sandstone numerous veins forming a complex system 
carry cinnabar, pyrite, marcasite, quartz, and calcite, with which minerals 
at the same time a large width of the fractured country-rock has become 
impregnated. The New Almaden mine, which in 1885 was already 650 m. 
deep, produced during the period 1850-1897 some 34,000 tons.^ 

The New Idria district is centred around one of the highest points of the 
Coast Eanges, at the southern end of the Diablo Mountains. The upper 
portion of the hill consists of metamorphosed Knoxville sandstone belonging 
as stated before to the Neocomian, while on the north-eastern flank the 
Chico Series of the Upper Cretaceous and the Tejon of the Eocene are found. 




Sc.ritentuie Ore-bodies. 


Fig. 283. —Section of the Great Western mine in California. Bei^ker. 


The ore occurs in veins or vein-networks and in impregnation zones, within 
the Neocomian. In this occurrence bitumen in addition to quartz plays an 
essential part. About 16 km. away cold sulphur-springs are known. 

The Steamboat Springs district lying to the east of the Coast Ranges 
and in Nevada, is only some 9-10 km. distant from the famous silver 
deposit known as the Comstock Lode. In that district tne above-mentioned 
granite is overlaid by Jurassic and Triassic beds, and intruded and covered- 
by young volcanic rocks, andesite and basalt. To these latter the many 
springs in the neighbourhood owe their existence. The temperature of 
these springs reaches nearly to boiling-point, and^ according to their com- 
position they have given rise to basin- shaped deposits of chalcedony or 
carbonates, or they have decomposed the granite and at the same time 
deposited sulphur and cinnabar. The quicksilver content in these mines, 

^ ArUe^ p. 204 
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which at the moment are not being worked, is said to be not in- 
considerable. ^ 

The cinnabar of California was long known by the Indians and used 
by them as a pigment. In 1824 and again in 1835 at New Almaden, by a 
singular chance it was taken for a silver ore and experimented upon as such. 
Only in 1845, by Andreas Castillero, was its proper nature recognized. 
The subsequent mining operations reached their zenith i^. the ’sixties 
and ’seventies when these Californian mines produced more quick- 
silver than Almaden. The highest yearly production was in 1877 when 
2700 tons were recovered. Since that date not only has the production 
of the principal mine New Almaden receded, but this is the case with the 
others also. Each of the large ore-bodies shown in Fig. 283 yielded from 
2800-4500 tons of quicksilver. 

The American quicksilver mines deliver their metal to San Francisco ; 
the European mines to London. These two markets are in close con- 
nection, forming together one of the most closely regulated metal markets 
in the world. Production and price in the United States have been as 
follows : ^ o, 


Quicksilver Production of United States ' 


Year. 

United States. 

World. 

Price per flask of 34 7 k«. at San Francisco. 

Highest. 

Middle. 

Lowest. 


Metric tons. j 

Metri<‘ tons. 

S 

S 

S 

1894 

1056 1 

3938 

37-00 


27-50 

1896 

1179 

4066 

41-00 


35-90 

1896 

10.36 

4020 

4000 


35-50 

1897 

965 ' 

4328 

40-50 

... 

35-50 

1898 

1068 1 

4137 

42-50 


38-00 

1 1899 : 

993 

3803 

62-00 


47-00 

1900 

983 1 

3326 

62-00 


45-70 

1901 

1031 j 

3121 

'48-50 


45-00 

1902 

1208 ! 

4073 


"46-61 


1903 

1288 

3696 


44-67 ^ 


1904 

1480 1 

3967 

32-00 


34-00 

1905 

1043 _ ; 

3300 

40-50 

1 ” 39-75 i 

38-00 

1906 1 

930 1 

3700 

41-00 

about 41-00 

40-00 

1907 

712 

3300 

1 45-00 

39-60 ! 

38-00 

1908 I 

680 ! 

i 


j 45-12 

44-17 

42-26 


1 Statistical statements of the Metall- und Metallurgische-Gesellschaft, Frankfort. 
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Tkrlingua District, Brewster County, Texas, U.S. < 
LITERATURE 

H. W. Turner. ‘The Terlingua Quicksilver Deposits,’ Econ. Gool. Vol. I., 1906; 
further papers are here cited.— W. F. Htllebrano and W. T. Soiialler. ‘ The Mercury 
Minerals from Terlingua, Texa..,’ U.S. Geol. Survey, 1909, Bull. 405. 

These deposits which have been worked since the ’nineties occur chiefly 
within a zone about 24 km. long and 3 km. wide, striking east and west, 
of which the geological section is as follows : Tertiary lavas, in part 
at least, trachyte ; Upper Cretaceous, sandstone and slate ; Lower Cre- 
taceous, in greater part thick-slabbed and massive limestone. The ore 
usually occurs in the limestone, partly in breccia and partly in calcite veins. 
In the neighbourhood large faults are stated to occur, while dykes of 
relatively young eruptive rock are also known. Ore has also been met in 
the Tertiary lavas. 

The mineral association here is particularly interesting. As gangue 
minerals, calcite and selenite occur ; quartz however is absent. The ore 
consists in part of cjnnabar with some native quicksilver, but also of a 
number ( f new quicksilver minerals, montroydite, HgO ; terlinguaite, 
Hg^ClO ; eglestonite, Hg/:!l20, or Hg^O . 2ngCl ; kleinitc, a mixture of 
mercury - ammonium chloride in preponderating amount with an 
oxychloride and a sulphate or oxysulphate of mercury ; and calomel. 


Mexico 

In Mexico, A. del Castillo counts no less than fifty difierent deposits and 
discoveries of quicksilver, most of which are close to young eruptive rocks 
and in the neighbourhood of silver and gold miiies.^ These deposits, simi- 
larly to those in California and along the Peruvian Andes, are also associated 
with the young Cordilleras ; in spite of their number however they have 
not proved very productive. In former centuries the gold and silver mines 
of Mexico were forced to procure the quicksilver necessary for amalgamation 
from Almaden and from ITuancavelica Peru, and the silver output was 
entirely dependent upon the amount of quicksilver so imported. To-day 
Mexico still imports this metal. 

At the commencement of the ’eighties there was but one mine working 
in the whole of Mexico ; to-day there are several. ^ The best-known among 
these are the Guadalcazar, Guadalupana, and the Huitzuco mine. The first 
lies in the State of San Louis Potosi. There, limestone interbedded with 
clay-slate, both probably of Cretaceous age, are intruded by eruptive rocks. 

1 Map showing the Geology and Ore-Deposits of Mexico by A. del Castillo, 1889, 
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The limestone is traversed by an irregular network of cinnabar veins, or 
the cinnabar occurs in nests. Whatever the occurrence, the ore-body is 
usually separated from the barren rock by a layer of selenite. Calcite, 
fluorite, and native sulphur, are associated with the cinnabar. The occur- 
rence formerly was important. The Guadalupana mine,^ also in San Louis 
Potosi, works a thinly-bedded and stony limestcme veined with cinnabar. 
Up to February 1903, 3520 tons of ore, containing on an average 7*22 per 
cent of quicksilver, had been won. At Palomas in Durango ^ the cinnabar 
deposits are connected with the contact between rhyolite and basalt, the 
first-named having been successively kaolinized, silicified, and impreg- 
nated with cinnabar. The more quartzose of the cinnabar veins are char- 
acterized by containing bitumen also. The average quicksilver content is 
given as 0*5 per cent. 

The country around Huitzuco in Guerrero consists of metaniorphic 
slate and Cretaceous limestone, both greatly disturbed and lying 
upon granite. Cinnabar and stibnite occur here in nests and bed -like 
impregnation zones ; more rarely they occur in veins associated with 
quartz and selenite. According to Pagliucci, quicksilver antimonide ^as 
latterly played an important part here. It occurs in an earthy form filling 
the chimneys of extinct geysers, and in more solid form as ve.ins, nests, and 
layers, in Cretaceous limestone. Native quicksilver and selenite are of 
common occurrence. This deposit was discovered in 1874 by an Indian.® 

The mercury production of Mexico has been as follows : ^ 



Tons. 


Tons. 

1900 . 

124 1 

1904 . 

. 190 

1901 . 

. 128 ! 

1905 . 

. 190 

1902 . 

. 191 

1900 . 

. 200 

1903 . 

. 190 

1907 

. 200 


South America 

The quicksilver deposits of South America are found in Columbia, 
Ecuador, Bolivia, Chili, Brazil, Argentine, and Peru. Those of Peru, though 
now quite subordi^te, were formerly so important that Peru among the 
countries was counted as one of the most productive in this metal. In 
this production four districts participated, namely : Huancavelica, Yauli, 
Cerro de Pasco, and Chonta.^ Of these, Huancavelica on the eastern slope 
of the Western Cordilleras was formerly almost as important as Almaden.® 

1 Eng. and Min. Jour., Mar. 2, 1905 ; The Mineral Industry, 1908. 

* The Mineral Industry, 1907. 

« * J. D. Villavello, ‘ Genesis de los Saciminetos Mercuriales do Palomas y Huitzuco,’ 
Mem. 8, Alzate, Mexico, 1903, Vol. 19, p. 96. 

* Statistical Statements, Metall- u. Metallurgische-Qesellschaft, Frankfort, 1909. 

* Becker, op. cit., p. 21. 
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According to Crosnier, cinnabar occurs here in Jurassic clay-slate, con- 
glomerate, sandstone, and limestone, striking north-south and dipping 
steeply to the west. In close proximity to the deposits these sediments 
are intruded by granite, porphyry, and trachyte, with which intrusions 
the hot springs now depositing sinter are associated. The most famous 
mine, the Santa Barbara, working since 1566, exploits a sandstone impreg- 
nated with cinnabar, pyrite, arsenopyrite, realgar, calcite, and barite. The 
total production of this district from 1571 to about 1825 amounted to 
approximately 52,000 tons of quicksilver.^ 

The district of Yauli lies in a valley of the Andes, north-east of Lima. 
There, quartz lodes containing cinnabar and pyrite occur in slate and sand- 
stone. In their vicinity hot springs continue to deposit a considerable 
amount of sulphur. In the silver district of Cerro de Pasco, cinnabar 
occurs in the neighboui^hood of rhyolitic and trachytic lavas. At Chonta 
in the West Andes a bed of clay and sand, containing pyrite and 
cinnabar, occurs, the foot- wall portion of which is a sandstone impregnated 
with cinnabar. 

A • • 

Monte Amiata in Tuscany , 

• * 

LITERATURE 

G. V. Rath. * Ein Beauch von Radiprofaci und dca Monte Amiata,* Zeit. d. D. 
Geol. Ges., 1805, XVII. — A. Verri. ‘ 11 Monte Amiata,* Boll. Com. Geol. Ital., Rome, 
1903, Vol. XXII., p. 9. — P. DE Ferrari. Le Miniere del Mercurio del Monte Amiata. 
Firenze, 1890 ; herein a Hat of the old literature. — B. Lotti. ‘ II campo cinabrifero del- 
1* Abbadia di San Salvatore nel Monte Amiata,* Rassegna Mineraria VII., No. 11 ; ‘Die 
Zinnober und Antimon fiilirendon Lagorstatten Toskanas und ihre Beziohungen zu den 
quartaren Eruptivgesteinen,’ Zeit. f. jjrakt. Geol., 1901, p. 41 ; different papers on the 
hot springs ot the Tuscany Hills, Zeit. f. prakt. Geol., 1893, p. 372 ; 1895, p. 497 ; 1897, 
p. 224. — R. R. Rosenlechner. ‘ Dio Quecksilbergruben Toskanas,’ Zeit. f. prakt. Geol., 
1894, p. 334. — V. Novarese. ‘ Dio Quicksilbergrubon des Monte Amiata-Gebietes,* 
Zeit. f. prakt. Geol., 1895, p. 60. — Kloos. * Zinnober fuhrende Trachyttuffo vom Monte 
Amiata im sudlichen I’oskana,’ Zeit. f. prakt. Geol., 1898, p. 158. — V. SriREK. ‘Das 
Zinnobervorkommon am Monte Amiata,* Zeit. f. prakt. Geol., p. 369 ; ‘ Zinnober am Monte 
Amiata,* Zeit. f. prakt. Geol., 1902, p. 297.— L. de Launay. Re vista del Servicio Minerario 
nel 1907, p. 225, Rome, 1908. 

At Monte Amiata the cinnabar deposits occur in close connection with 
the trachyte which forms the hill of that name. The gre is found in close 
proximity to this rock in a zone relatively very limited, which extend- 
ing north-south includes the hill-summit. In that zone the ore-bearing 
sedimentary rocks are petrographically of very varying character and 
belong to the most varied formations. At Cornacchino to the west of 
Castellazzara, they are represented by limestone cri the Middle Lias and by 
limestone and kieselschiefer of the Upper Lias. At Abbadia San Salvatore, 
in addition to the above rocks, Nummulitic Limestone, Eocene Bandst’Sne, 

^ ATtUf p. 463. 
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and a clastic rock which occurs between the trachyte and the flat-lying 
Eocene beds, are included in the occurrence. In the neighbourhood of 
Monte" Vitozzo, Middle and Upper Liassic limestone and kieselschiefer 
occur again. At Montebuono, Nummulitic Limestone and Eocene sand- 
stone ; at St. Martino, Eocene sandstone ; while finally, at Siele, Solforate, 
Selva, Cortivecchie, and at numerous other points, Eocene marls are 
included. 

The manner of the occurrence of the cinnabar is likewisf most varied. 
At Cornacchino, shales impregnated with cinnabar, pyrite, and selenite, are 
found intercalated between limestone beds containing marly flints. These 
shales probably represent the residual material from dissolved marls, the 
foot- wall of which, a kieselschiefer, also contains cinnabar to a small extent. 
The important deposit of Siele between Santa Fiora and Castellazzara, and 



Fia. 284. — Section from Monte Amiata to Miniera de Cornacchino. Spirek. 

that of Solforate situated approximately 2 km. to the north, are the residual 
clays of marly Eocene limestones which contained Glohigerina, Rotalia, and 
Coccolites. Quite close to the Solforate mine, quantities of sulphuretted 
hydrogen continue to escape from the ground. At Selvagnana east of 
Samprugnano, and at C. Testi near Montebuono, cinnabar and realgar are 
found in Nummulitic Limestone ; while at Montebuono itself, the pre occurs 
as an impregnation*^h Eocene sandstone and sand. In this last occurrence 
those portions of the sandstone are particularly rich which were laid down 
upon a weathered and cavernous surface of limestone. In such a sandstone 
the mineral occurs evenly distributed in small particles. The limestone 
for a thickness of about 10 cm. at the contact, is altered to an ochreous 
material covered with a Wrongly ferruginous layer which contains cinnabar 
an<l crystals of selenite. Famous is that part of the mine known as 11 
Pozzetto where the limestone is particularly strongly impregnated with 
cinnabar and altered to an aggregate of calcite, selenite, and cinnabar. 
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Broadly speaking, this deposit forms a large funnel, the position of which 
is marked Qn the surface by a distinct depression. 

The detritus which occurs extensively near Abbadia San Salvatore on 
Monte Amiata, also carries cinnabar. Below this covering the deposits at 
that place continue in Nummulitic Limestone and trachyte. Rich in quick- 
silver are some irregular layers of a dark-coloured bituminous shale inter- 
calated between the beds of Nummulitic Limestone. These layers contain 
small bouldei:4 of limestone and fragments of slate in which, ore, partly 
metasomatic and partly as an impregnation, likewise occurs. Here also 
cinnabar is accompanied by pyrite. Lotti concedes that this occurrence 
gives the impression of a primary deposit, yet in view of the preponderance 



Fig. 285.— Oro chimneys at Monk* Anuata pro- Fid. 286.— Course of the metal solutions 

jectecl on the })lane of the limestone. Spiiek. in the Siele limestone. Sj)irek. 

ah<', Upper liinestoiio bed ; (hli/it, lower liiiicstoiiH 1, Upper limestone bed ; II, lower limestone 

bed ; (jilec, linnt ol the ore-bearinj; limestone bed. be<l ; ahiuliiufh, oro-pipe , rdi, ore-trunk ; fjr, 

upper run ; de, lower run. 

of Upper Liassic fragments he regards it as probable^ that the deposition 
of cinnabar originally took place in the marly Umestone of that period ; 
it appeared to him that the non-aluminous Nummulitic Limestone was 
less suit! ble for such an impregnation. 

In the so-called Diecine the trachyte itself is veined and impreg- 
nated by cinnabar, forming a deposit of. some importance. The ore here 
is accompanied by marcasite, opal incrustations, and some calcite, which 
obviously represent deposition from aqueous solution. At Abbadia a 
close relation undoubtedly exists between the* cinnabar deposits, the 
emanations of sulphuretted hydrogen, and the acid sulphur-springs in 
that neighbourhood. The zone subject to these volcanic phenom^a 


^ Zeit. f. prakt. OeoL, 1901, p. 43. 
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is about 1*5 km. long in a north-north-east direction, or parallel to the 
mountain ranges in Tuscany. A further continuation in th^it direction ^ 
would pass through the warm sulphur-springs and the selenite masses of 
San Filippo. This zone according to Lotti coincides with a fault along 
which the Eocene beds sank to come into juxtaposition with the various 
Mesozoic members of Monte Zoccolino. , 

In addition to these cinnabar deposits, q^icksilve^-antimony ores 
occur in the district of Monte Amiataand Maremma Grossetaiia, particularly 
at the three places, Selvena, San Martino, and Capita. This district 
extends along the coast in a southerly direction, from Monte Amiata to the 
vicinity of Capalbio, 

At Selvena, west of Cornacchino, black bituminous shales intercalated 
in Liassic hmestone, were formerly worked for the ore with which they 
were impregnated, this ore consisting of cinnabar, stibnite, realgar, and 
pyrite. The occurrence at San Martino hes on the right bank of the 
river Fiora. There, a large mass of crystalline limestone is traversed by 
veins and nests of stibnite accompanied by calcite and fluorite, while 
one thin bed consists of cinnabar and limonite.^ This limestone^ which 
throughout is coloured red by iron oxide, probal^ly represents altered 
Nummulitic Limestone, and the beds in which it occurs are therefore probably 
Eocene. At Capalbio near Castellaccio di Capita, an old quicksilver mine 
works a deposit in Rhaetic limestone close against Eocene beds. At 
that place radial aggregates of cinnabar, stibnite, and pyrite, occur, chiefly 
in the Rhaetic but to a smaller extent also in the Eocene.*^ 

The Cinnabar Deposit of Vallalta-Sagron 
LITERATURE 

A. Rzehak. ‘Dio Zinnobcriagerstatten von Vallalta-Sagron,’ Zeit. f. prakt. Gool., 
1905, p. 325. 

This formerly-worked deposit occurs partly in Italy and partly in 
the Tyrol. The Valle delle Monache in which it is found, follows a large 
tectonic line alon^ which conformable Palseozoic and Mesoiioic strata 
dipping to the south have sunk to come into juxtaposition with phyllite. 
The deposit itself, according to old accounts, occurs in a sandstone 
accompanied by a red porphyry and embedded in talc-schists, this sand- 
stone being generally light in colour but alternating occasionally with a 
dark graphitic variety. , 

Rzehak from his own observations questioned these petrographical 

* ^ G. B. Rocco, ‘ Appunti d’ iina e«curciono minoraria in 'I'oscana,’ Boll. Comit. geol., 
1881. 

* P. Toso, Remsta del Servizio Mimrarioy 1895, p. 112. 
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descriptions. According to him no sharp demarcation between the por- 
phyry and th^ sandstone can be accepted, more especially as the whole district 
has been so highly metamorphosed. He considers it highly probable that 
the occurrence is an isolated, contorted overthrust, whereby a Palseozoic 
patch now occurs inverted near the contact of Triassic beds with 
Archaean basement rocks, these latter being represented by the phylhte 
and talc-schists. There exists consequently a certain analogy between 
this occurrence and that of Idria where, at all events in the north-west 
mine, an overthrust also plays a prominent part. 

The former importance of this quicksilver occurrence at Vallalta may 
be gathered from the following figures of production : 


1863 . 

Tons. 

. 16-8 1 

1867 . 

Tons. 

9-9 

1864 . 

. 22-4 1 

1868 . 

. 12-7 

1865 . 

. 22-9 ! 

1869 . 

. 18-3 

1866 . 

170 1 

1870 . 

. 34-7 


Almaden 

IN Spain 



LITERATURE 

• 

Casianude Prado. Minas de Almaden. Madrid, 1864; ‘Sur la Geologic d’Almaden,’ 
Bull, do la Soc. Gool Fran 9 ., 2^' s(^r., Vol. XII , 1866. — A. N5qgerath. ‘Mittoilung iiber die 
Quecksilborborgwerko zu Almadon und Almadenejos in Spanien, nebst einom Uborblick 
dor Vorkomraen von Quecksilber iDi allgemcinen,’ Zcit. f. d. B-, H- u. Salinenwesen im 
Preussen, 1862, Vol. X, ; ‘ Jos€!pho Monasterio y Corroa,’ Rev. Univ. des Min., 1871, 29. — H. 
Kuss. ‘Mem. sur los Mines et Usines d’Almaden,’ Ann. des Mines, 7^^ s^^r., Vol. XIII., 1878, 
p. 29 ; ‘ Note sur I’^tat actuel de la mine et de I’usine d’Almaden,’ Ann. des Mines, 8« s^r., 
Vol. XI., p. 136, Paris, 1887. — R. Helmhacker. ‘ Ueber den Diabas des Almadenfeldes,* 
Tschorm. Min. Mitt., 1877. — Caron. ‘ Boricht iiber eine Instruktionsreise nach Spanien,’ 
Zeit. f. d. B-, H- u. Salinenwesen im Preussen, 1880, Vol. XXVIII. p. 126. — S. Calderon. 
Ann. Soc. Espag. Hist. Nat. Vol. XIII., 1884. — G. F. Becker. Loc. cit. — Vogt. Reise- 
beobachtungen. — H. Pohlig. *Dio Quecksilberlagerstatten von Almaden,’ Sitzungsber. 
Niederrhein. Ges., 1890, p. 116 ; 1892, p. 46. 

On the northern slope of the Sierra Morena in the province of Ciudad 
Real, lies Almaden, the most important quicksilver deposit in the world. 
The mountainous country around, bare and unproductive, consists of 
Silurian a\'d to a lesser extent of Devonian beds, which have been subjected 
to a moderately strong regional raetamorphism. The’tfilurian beds which 
alone come into consideration in reference to the ore-deposit, consist in 
their turn of clay-slates, intercalated limestones, and white to reddish 
quartzites which occasionally pass over to bdfcome micaceous sandstones. 
In the clay-slates occur layers of a schistose diabase tuff, known locally as 
Piedra Frailesca on account of its grey colour which resembles that of 
the cloak of the Fraile Francisco religious order. Several intrusions of a 
diabasic or melaphyric eruptive rock are known, while granite, which in 
depth is probably more extensive, appears at a distance. 
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Three porous beds of these Silurian quartzites, striking east-west, 
dipping vertically, and long regarded as lodes, constitute the actual deposits.^ 
Upon these three beds, known respectively as San Pedro y San Diego, San 
Francisco, and San Nicolas, a large number of small mines were formerly 
scattered. To-day all the work is concentrated at the rich and long- 
established principal mine in the town of Almaden. 

In that mine the three particular quartzite beds have been proved to 
be impregnated with cinnabar for a length of about 200-250 m. They are 
separated from one another by bituminous clay-slates, making the distance 
between the two outside beds just under 50 m. In these clay-slates Gra'plo- 
lites have been found. The ore consists chiefly of cinnabar with some 



Fio, 287. — Plan of tli<? quicksilver deposit at Aluiadeii. Noggerath. 

metallic quicksilver, a little pyrite, and traces of selenium ; copper, lead, 
zinc, silver, and gold, are absent ; while gangue minerals are represented 
by small amounts of barite and dolomite. The cinnabar either occurs 
filling the pores oH;he sandstone, the total volume of which pores may in 
places be as much as 26 per cent that of the rock, or it forms fine veins 
running in all directions and occasionally enclosing beautiful quartz, barite, 
or cinnabar druses. At other places the cinnabar actually replaces the 
substance of the quartzite. 

The view that this occurrence of cinnabar is to be regarded as an 
iiqpregnation of lode-like and not of sedimentary character is confirmed by 
the fact that the ore has nowhere found its way into the impermeable clay- 
slates. Whether the quicksilver solutions necessary to this assumption 
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were in any way genetically related to tlie neighbouring eruptives must 
^remain an open question. 

The principal bed attains a width of 8~14‘m. with an average 
quicksilver content of 14-15 per cent. The other two, the San Nicolas 
and the San Francisco, somewhat darker in colour, are less wide and carry 


Ore-botliCH Sandstone. Slute. -ji, J'ruuesciu 


Flo. 288. — Sootioii through the quicksilver deposit at Alniadeii. Mouasterio y Correa. 

poorer ore, some of it containing as little as '2-5 per cent. The average 
content of the material mined, which at the beginning of the ’fifties and 
’seventies was about 7 per cent, is now about 8 per cent ; and the mine in 
spite of centuries of uninterrupted work is yet only 350-375 m. deep. • 
The production of this, the richest and most profitable of all the quick- 
silver deposits yet known and a veritable nest-egg to the Spanish Exchequer, 
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is regulated according to the demand of the decidedly small market for 
quicksilver. Of the world’s yearly production amounting to 3500-400(V 
tons, some 900-1400 tons is contributed by this mine. In the eighteenth 
century and in the first half of last century, the Californian deposits not 
yet having been discovered, the proportion was still higher ; Almaden 
then supplied more than one-half of the totabproduction.^ 

According to Noggerath, the total working cost from 1850-1854 
amounted to about Is. 9d. per kg. delivered at London ; and from 1870- 
1875 to about Is. to Is. 2|d. ; while more recently it has been given as 
lOd. or lid. Against this cost the average selling price during the last 
fifty years may be taken to have varied between 3s. 6d. and 5s. per kg. 
Estimating the total production of Almaden between 1564 and 1907 at 
169,000 tons of quicksilver and putting the average price during this whole 
period at 5s. per kg. this production represents a total value of aboqt 
£42,500,000. Before this period it was worked by the Romans who applied 
the quicksilver they obtained to the making of pigments. For comparison 
the productions of some other old and famous mines are here quoted : 


Kongsberg, Norway, 1624-1908 
Almaden, Spain, 1664-1907 . 
Freiberg, Saxony, 1163-1890 
Comstock, Nevada, 1859-1898 
Veta Madre, Mexico, 1558-1820 
Veta Grande, Mexico, 1548-1832 


.about £8,000,000 
„ 42,500,000 

„ -44,400,000 

„ 70,000,000 

„ 100,000,000 
„ 125,000,000 


According to these figures quite a number of mines have surpassed 
Almaden in the gross value of their total production. Never however 
has there been any important mine where the relation of the net 
profit to the total yield has been so high. 

The quicksilver production of Spain which is practically speaking that 
of Almaden, has been as follows : 



Tons. 


Tons. 

1900 . 

. 1095 ! 

1904 . 

. 1058 

1901 . 

. 754 

1905 . 

834 

1902 . 

. 1426 

1906 . 

. 1300 

1903 . 

•• 

. 968 

1 1907 . 

. 1212 ^ 


There are in Spain in addition other occurrences of quicksilver, as at 
Mieres in the Asturias on the southern borders of the Sierra Nevada, and at 
*La Creu in the province of Valencia. At Mieres the deposit occurs in 
Carboniferous sandstone and slate ; a breccia formed of fragments of 
these beds carries cinn&bar, pyrite, arsenopyrite, and realgar in fractures, 
cavities, and impregnations, the deposit is 65 feet wide and several 
kilometres long ; the production of El Provenir knd other mines during 


' Anity p. 468. 
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1893 was 'some 100 tons of quicksilver. In the neighbourhood of La 
^ Creu veins * consisting of an intimate mixture of cinnabar, quartz, and 
carbonates, are found occurring in sandstone. 

Portugal at the end of last century still produced some quicksilver. 


Idria in Krain 
LITERATURE 

Das k. k. Quecksilberwerk zu Idria in Krain. Published by the management, Vienna, 
1881. — M. V. Lipold. ‘ Mitteilungen iibcr die gcologischcn Verhaltnisse der Umgegend 
von Idria,’ Jahresber. d. k. k. Geol. Reichsanst. IV., 1853, pp. 422 and 864 ; VII., 1856, p. 
838 ; VIII., 1857, pp. 205, 386, and 760 ; IX., 1868, Verhandl., p. 18 ; XXIV., 1874 ; Erlaute- 
rung zur gcologischcn Karto der Umgegend von Idria, p. 425 ; XXIX., 1879. Verhandl., 
p. iso. — R. Meier. ‘ Uebcr don Quecksilberbergbau von Idria,* Verhandl. d. k. k. Geol. 
Reichsanst., 1868, p. 122. — E. von Jahn. * Ueber das Idrianer Korrallcnerz,’ ibid., 1870, 
p. 203. — D. Stub. * Geologische Verhaltnisse des Kessels von Idria,’ ibid., 1872, p. 235. — 
F. Groger. ‘ Zum Vorkommon der Quocksilbererze,’ ibid., 1876, p. 67. — C. von Ernst. 
‘ Uebcr Quecksilber ’ Oesterr., Zeit. f. Borg- u. Huttenw., 1877, Vol. XXV. p. 75. — F. Groger. 
‘ Der Idrianer Silberschiefer,’ Verhandl. der Geol. Reichsanst., 1879, p. 105. — A. Schratjf. 
‘ t)bcr ^ctacinnabarit von Idria imd dessen Paragcncsis,* Jahrb. d. Geol. Reichsanst., 
41, ^. 349, Vienna, 1891 ; reviewed in Groths Zeit. XXL, p. 283. — E. SuESS. Sitzungs- 
bericht dor Wiener Akadbmie der Wissonschaften, LVTI., I., p. 791 ; Geol. and Mki. 
Maps of Idria with sections and drawings of the quicksilver deposits ; surveyed by govern- 
ment officials ; text by Plamineck. Vienna, 1893. Published by the Minister for Agri- 
culture. — F. Kossmat. ‘ t)ber die geologischen Verhaltnisse des Bergbaugebietes von 
Idria,’ with 2 plates, Jahrb. d. k. k. Geol. Reichsanst., Vienna, 1899, Vol. XLIX., Pt. 2. 
— T. L. Genter. ‘ 'rhe Quicksilver mines of Idria,* Eng. and Min. Jour., 1903, Vol. LXXVI., 
p. 923. 

The geology of the country around Idria, a town situated on a river of 
the same name upon the south-eastern foot-hills of the Juli Alps, has in its 
essential features been made clear by the investigations of Lipoid. In this 
district Carboniferous beds represented by the Gailtal slates deserve first 
mention. These consist partly of fissile dark grey clay-slates and partly of 
fine-grained dark sandstones, these latter containing argillaceous binding- 
material and such plant-remains as Calamites Suckowiy Dictyopteris Brong- 
niartiy Sagenariay etc. These slates, known on the mines as Silherschiejer, 
are in pla'^s against the quicksilver deposit impregnated with native quick- 
silver. They form a narrow north-west to south-east Belt following a zone 
of disturbance more closely described below, and are overlaid by repre- 
sentatives of the Permian and Triassic formations, among which the most 
important are the Werfen beds with the GrodSn sandstone, and the Seisser 
beds of South Tyrol. Upon these follow the Guttenstein hmestone ; then 
the Wengen beds consisting of dark slate, conglomerate, and tuff, the last 
being represented by the Skonza beds ; then the Cassian beds ; and fintyily 
•the Lunz or Raibl beds. Above the Triassic again, other Cretaceous and 
Eocene formations are found. The ore is associated with the Werfen 
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and Guttenstein beds of the Lower Triassic, and with the Wengen and 
Skonza beds of the Upper Triassic. It is further associated withy 
a large zone of disturbance which may be followed on surface from the 
Kalomla Valley over Raspotje into the hollow at Idria, and from there 
south-east through the Idria Valley. This zone marks the occurrence of 
an overthrust along which the older Carboniferous beds were pushed up 
over the younger and much contorted Triassic strata. One or two more 
or less parallel disturbances accompany this powerful overtlirust. 

The occurrence of the ore to the north-west, in the Barbara and Theresia 
properties, is quite different from that in the Josephy property to the 
south-east. In the former the ore is concentrated in the Skonza beds 
and occurs but little in the calcareous conglomerate above. The ore- 
body has then the form of a true bed 20 m. thick with the foot-wall 
generally formed by the Wengen tuff but also at times by the Guttenstein 
limestone. The hanging- wall calcareous conglomerate is in places also 
impregnated with cinnabar. The ore content in these Skonza beds is 
rendered extremely irregular and fluctuating by the occurrence of lenti- 
cular patches and impregnations. , • ^ 

The occurrence in the Josephy property is quite different. At this 
place numerous faults striking roughly E.N.E. and dipping 28 *30°, arc for 
a width of I m. filled with limestone fragments cemented together by 
cinnabar. Other faults, without ore and striking roughly E.S.E., cause 
an enrichment where they intersect the E.N.E. faults, an enrichment which 
is not limited to the fissure-fillings but is expressed also by an impregnation 
of the walls. By far the greatest portion of the ore consists of cinnabar ; 
native mercury occurs occasionally but only in the Silberscfiiefer . Four 
classes of ore are usually distinguished : (1) stahlerz, containing 75 per 
cent of quicksilver ; (2) lebererz, often forming the kernals of stahlerz ; (3) 
ziegelerz, always occurring at the margins of the deposit ; and (4) korallenerz, 
with 56 per cent of lime phosphate, 2 per cent of cinnabar, and 5 per cent 
of bitumen. Pyrite, fluorite, dolomite, epsomitc, selenite, together with 
some quartz and calcite, occur to a lesser extent. 

Concerning the genesis of this deposit there can also in this*case be no 
doubt that the (/rh was deposited from aqueous solution. Both the 
connection with the large overthrust and the occurrence of ore in various 
beds, in part filling fissures and in part forming impregnations, confirm this 
view. Since the large overthrust is certainly younger than Cretaceous and 
may possibly have been formed in Quaternary times, the deposit geologic- 
ally speaking may be quite recent. 

^ The present annual production amounts to about 60,000 tons of ore 
containing about 530 tons of metallic quicksilver.^ About 800 men are 

* Ante^ p. 463. 
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employed, and the profit flowing yearly into the State Exchequer is about 
£25,000. The amount of quicksilver still reckoned to be contained in the 
deposit is estimated at about 30,000 tons. The production of Austria- 
Hungary, which is almost all obtained from Idria, has latterly been as 
follows : 

Tons. Tons. 


1900 . 


. 550 

1905 . 

. 570 

1901 . 


. 567 

1906 . 

. 577. 

1902 . 


. 563 

1907 . 

. 610 

1903 . 


. 575 

1908 . 

. 630 

1904 . 


. 550 




Some of the smaller deposits in Hungary are interesting in that they 

contain quicksilver-bearing tetrahedrite 
from which in the oxidation zone cin- 
nabar results, this mineral being there 
accompanied by amalgam, pyrite, 
quartz, and barite. Such deposits 
occur at Iglo and Dobschau in the 
Carpathians, where the tetrahedyite 
contains up to 16 7 per cent of quick- 
silver. The veins arc found in old 
slates. The quicksilver is won as a 
by-product when roasting the tetra- 
hedrite. Again in the Thihu valley, 
also in the Carpathians, a zone filled 
with calcite, dolomite, and rock frag- 
ments, and occurring between a lava 
sheet and a much altered clay -slate, 
the fI-e7b™r‘7r,\rnorti.^-w^^^^^ Carries veins and nests containing cin- 
luzaghi Shaft, idna. nabar, galena, and sphalerite. 

Z, Cinnabar; NV/i, selnstrwi'HT ting; F/i, fra:- The productioil of Huilgary in the 
tion breccia ; DV, (lolonntc-cungloinciatt; ; Dli, , . , 

(loioimte breccia. eighties was Only about 10 tons per 

year, since when it has been even less. 
Other figures of production have already been given. ^ In Be hernia the 
iron deposits at florovik contain small amounts of cinnabar, quicksilver, 
and calomel. 



* Ante, p. 463. 
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Quicksilver Occurrences in Germany 
LITERATURE 

H. VON Dechen. * Uas Vorkommen tier Quecksilbererze in dem Pfdlzisch-Saar- 
bruckenschen Kohlengobirge,* Karstens Archiv, 1848, Vol. XXII., pp. 375-404. — W. voN 
Gumbel. ‘Ueber die Quecksilbererze in dor Pfalz,’ Verb. d. naturh. Ver. f. Rheinl. u. 
Westf., VII., 1850, p. 83 ; Geologio von Bayern, 11. pp. 959-980. 

Germany to-day in relation to its production of quicksilver occupies a 
subordinate position among European countries. The occurrences at 
Moschellandsberg, Potzberg, and Kirchheiilibolanden in the Pfalz, are 
only interesting historically and geologically. The ore, chiefly cinnabar, 
occurs generally in veins and associated impregnations in sandstone, con- 
glomerate, and clay-slate, belonging to the Ottweil beds, these being 
the uppermost beds of the Coal-measures. Some deposits however occur 
also in melaphyre and porphyry. Where the veins traverse ore-bearing 
sandstone and clay-slate these rocks are altered to masses resembling horn- 
stone jnd argillite respectively. The deposits which have been followed for 
th^* greatest lengths a^e the Gottesgaben Lode on the Landsberg, and the 
Alten-Werk Lode, these having been proved for 900 ni. and 400 m. respec- 
tively. In these two cases the quicksilver content, which in the upper 
levels was considerable, diminished so rapidly in depth that the deepest 
stopes do not reach 200 m. below the .surface. The fissure-filling consists 
of clay with nests of cinnabar, native quicksilver, amalgam, calomel, 
metacinnabarite, some pyrite possibly, tetrahedrite, and stibnite, with 
calcite, barite, quartz, and red silex, as gangue. It is known definitely that 
these deposits in part were already working as far back as the commence- 
ment of the fifteenth century. In the eighteenth century particularly, 
they were quite important, though now they are of little interest. The 
quicksilver ores associated with c^uartz at Neustadt in Bavaria and 
Lossnitz in Saxony, are similarly of no economical importance. 


Thi'. Quicksilver Deposit at Avalaberg Belgrade 

LITERATURE 

A. VON Groddeck. ‘ Uber das Vorkommen von Quecksilbererzen am Avalaberg 
bei Belgrad in Serbien,’ Zeit. f. d. B-, H- u. Salinenwesen in Preussen, 1886, Vol. XXXIII. * 
p. 112. — H. Fischer. ‘Die Quocksilberlagerstatten am Avalaberge in Serbien,’ Zeit. 
f. prakt. GooL, 1906, p. 125. * 

The Avala hill, 320 m. high, situated 20 km. south of Belgrade, consists 
chiefly of non-fossiliferous marly limestones, presumably of Cretaceous 
age, which are intruded by trachyte dykes. At the foot of the hill magnetite 
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and chromite, finely distributed in a rhombic pyroxenic serpentine, occur 
plentifully. This rock, which presumably has been formed by^he decom- 
position of an enstatite-olivine rock, attains greater proportions farther 
to the south. 

The wide belt of country around the hill consists hkewise of marly 
hmestone and serpentine. In the serpentine area to the south, at Schuplja 
Stena, Djewer Kamen near Rupine, Mala Stena, and Kamen No. 2, quick- 
silver deposits occur having pronounced outcrops. According to von Grod- 
deck the ore-bearing area has a length of 1300 m., and a width of 800 m. 
At the southern limit of the serpentine against the marly limestone is a 
wide bar easily followed by its rock}" outcrop and known as the ‘ lower 
lode.’ This likewise carries traces of cinnabar and some galena. 

The serpentine in the neighbourhood of the Avala hill is in part 
‘ completely altered, so that to-day a replacement pseudomorph consisting 
of quartz, opal, and dolomite after serpentine, is presented. The limonite 
found filling the cavities in this quartz-rock probably represents the fer- 
ruginous residue of the serpentine. The origin of these skeleton crystals 
of quartz which possess great similarity to the ‘ red-rock ’ \)i ,the 
garnierite deposits, is probably referable to thermal' action. 

The quicksilver minerals occur exclusively in this porous quartz-rock 
to which fact the ore- bodies owe their capacity to appear so strongly 
at the surface. They include cinnabar and native quicksilver, often in 
considerable amount, and calomel. Cinnabar is found either as fine dust 
in the siliceous skeletons of the decomposed serpentine, or it serves as the 
binding material of angular fragments of that rock. It also occurs as a 
coating in veins of quartz and felspar, or finally in solid masses. With it 
some pyrite is almost invariably present. 

These deposits, for which von Groddeck prophesied a great future, 
have not fulfilled the expectations created. The production during the 
period 1885-1891 was only 7796 tons of ore with an average content of 
1*02 per cent of quicksilver.^ 

Relative to the genesis of these deposits the authors believe 
that the origin of t]ie skeleton crystals of silica and dolomite m ist be con- 
sidered separately from that of the quicksilver! The thermal waters to 
which the decomposition of the serpentine is ascribed, as well as the young 
quicksilver solutions, were both probably consequent upon the intrusion 
* of the trachyte magma. 


^ J. Antula, U Industrie minerah de Serbie, 1905. 
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The Quicksilver Deposits of Russia 
LITERATURE 

C. VON Ernst. ‘ Das neue ruaaische Quecksilberwerk bei Nikitovka,’ Oster. Zeit. f. 
d. B- u. Hiitteiiwesen, 1889, ^'cl. 37, p. 430; Guido des excursions du VII. Congrds 
Intern. G6ologiquo, 1897, XVI., pp. 30-45. 

The Russian quicksilver deposits belong partly to Europe and partly 
to Asia. Those in Europe are found at Nikitovka and Gavrilovka, in clay- 
slate overlaid by Carboniferous sandstone, and in coal-seams. The cinnabar 
is found in crevices and in extensive impregnation zones in the porous sand- 
stone. Since several hundred tons of quicksilver have been won from 
them yearly these deposits must be considered to have been of some 
importance. As will be seen however from the statement below, the 
production for the year 1908, probably owing to the irregular distribution 
of the ore, fell remarkably. 

The mines of Ildekansk near Nertschink in Eastern Siberia are in so 
faR^- inf erecting that during the time they were being worked, 1759-1853, 
heartrending stories* of the tremendous mortality of the convicts 
employed, were circulated. It is however the case that work in quicksilver 
mines, where no metallic quicksilver is found, is no more dangerous than 
work in any other mine. The ore occurs in inconsiderable amount in veins 
and nests in yellowish grey limestone with calcite find quartz. At no time 
were many people employed. 

Leaving out of consideration the little-known occurrences of Kamt- 
schatka, quicksilver also occurs in the Ural gold district near Beresowsk, 
Miask, and Bogoslowsk. At these places no primary deposits have yet 
been found, the cinnabar occurring with the gold in gravels. Judging 
from the fact that pieces of cinnabar up to 1*5 lbs. in weight have been 
found, the original primary deposits must in part at least have been of 
considerable size. The production from Russia, most of which comes from 
Nikitovka, may be gathered from the following figures : 





Tons. 


Tons. 

1900 . 



304 

1905 . 

318 

1901 . 



363 

1906 . 

210 

1902 . 



416 

1907 . 

130 

1903 . 



362 

1908 . 

49 

1904 . 



332 1 
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Deposits in Asia Minor 


The ores at the Koniah mine occur in limestone ^ where their associa- 
tion with the silicified sections of that rock is so pronounced that the silica 
and cinnabar have probably been derived from spme common source. The 
ore-bodies thus occurring are traversed by narrow veins of cinnabar. The 
payable ore contains usually 1-2*5 per cent of quicksilver, though one large 
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Fio. 291. — The cinnabar ooAUirrcnce in the Koinali mine in Anatolia. 
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section associated with stibnite contained as much as 8 per cent. According 
to F. P. Monaci, approximately 13,000 tons of 1 per cent ore now stand 
developed and ready for stoping.^ According to the same authority the 
Kara Bournu mine, situated 32 km. from Smyrna, works in opencut a rock 
impregnated with an average of 0*75 per cent quicksilver, the lower limit 
of payability being here about 0*25 per cent. The production in 1906- 
1907 amounted to about 3000 flasks. 


, Deposits Elsewhere 

The deposits at Kwei Chan in China are little known. Apparently 
however they are rich, as von Richthofen states that China has at times been 
‘^in the position to export quicksilver. At the Wan Shan Chang mines in 
the Toon Yen prefecturcf, the ore occurs in almost horizontal bed-like bodies 
in dolomitic limestone, either impregnating definite beds ; or as deposits 

' F. F. Sharpless, Eng. and Min. Jour. LXXXVI. p. 601 ; The Min. Indus., 1908, 
p. 740. 

• Rassegna mineraria, April 11, 1908. 
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in fractures, crevices, nests, or bedding-planes ; or finally, irregularly 
impregnatkig certain highly disturbed strata.^ The cinnabar is either 
pure or associated with antimony. The production is greatly affected by 
the frequency of the floods and pestilences which visit the district. 

Upon the island Ilirado belonging to Japan, cinnabar occurs in an 
impregnated bed of Carbo'iiferous sandstone. On Mount Tagora in Borneo 
it occurs in veins and impregnations in sandstones accompanied by slates, 
with which primary occurrence the occurrence of cinnabar in gravels is 
also associated. At Philippe ville in Algiers cinnabar occurs in Nurninu- 
litic Limestone at the contact with clay-slate ; wliile the deposits of 
Taghit and Palestro occur in Cretaceous beds. 

The deposits in New Zealand are particularly interesting in that they 
stand in traceable connection with hot springs. Two warm sulphur- 
springs wend their way through sandstone which they have impregnated 
with quicksilver. In one fissure | in. thick, where thermal water 
circulates, the sides are coated with quicksilver minerals, sulphur beads, 
and beads of metallic quicksilver. 

Des (^loiseaux in the sinter of the large geyser of Iceland found metallic 
quicksilver, an occuw’ence however which Bunsen regarded as accidental 
and probably derived from a broken thermometer or barometer. 

1 The Min. hid., 1908, p. 747. 
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Calcium-uranite, formula, etc., 102 
Carbon, 129, 254 
in the earth's crust, 152 
nd.ort-, 130 
(Carbonates, 105, 302 
origin, 138, 214 
CassitiTite, formula, etc., 99 
occurrence, 406, 408, 410, 423, 440, 447 
origin, 130, 131 
types, 416 

Cassiterite deposits, 352, 353 
genesis, 347 
occurnuice, 444 
Catalytic action, 132 
Caving fracture, 67 
Cavity-fillings, 12, 37, 111, 117, 145 
nomenclature, 68 

Cementation ores, 125, 301, 322, 400 
antimony, 101 
arsenic, 101 
copper, 90 
gold, 76 
lead, 87 
quick.silvcr, 84 
silver, 86 ' 

Cementation zone, 10, 66, 124, 140, 212, 216j 
221, 321, 399 
copper deposits, 359 
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Cementation zone — continued 
gold tellurido lodes, 83 
gravel 'deposits, 77 
metal content, 75, 321 
Cerargyrito, formula, etc., 85 
occurrence, 218, 219 
Cerium, association, IfiO, 16G 
in the earth’s crust, 152 
Cerium ores, 103 
CoruBsite, 137 
formula, etc., *86 
Cervantite, formula, etc., 101 
Chalcedony, as gangue, 104 
origin, 137 

Chalcocite, argentiferous, 85 
formula, etc., 89 
origin, 131 

Chalcopyrite, 282, 406 
argentiferous, 85 
auriferous, 76 
formula, etc., 89, 104, 144 
origin, 131, 140 
Chamber deposits, 41 
Chambered veins, 68 
Cham^isite, formula, ete., 92 
Cl^Vemical-gTdlogical alterations* 65 
Chemistry, nickel -pyrrluttite deposits, 282 
Chimney (efoposit^, 36, 68, 39^ 

Chloantite, formula, etc., 95 
Chlor-apaiite, 176 
Chlorides, origin, 133, 145, 214 
Chlorine, in apatite lodes, 176 
in the earth’s crust, 150 
in gold lodes, 184 
Chrome oxide, price, 208 
Chromite, association, 347 
formula, etc., 99, 343 
Chromite deposits, 169, 173, 312 
genesis, 245, 269, 344 
metal content, 206 
occurrence, 244, 247, 248, 249 
Chromium, association, 347 

in the earth’s crust, 153, 156, 109, 173, 244 
Chromium ores, 99, 206, 254 
metal content, 206, 249 
price, 219 

world’'^ '[)roduction, 207 
Chryscolla, formula, etc., 89 
Cinnabar, formula, etc., 84, 457 
occurrence, 484, 485, 487 
Cinnabar deposits, 136 
genesis, 182, 461 
nature of occurrence, 472 
occurrence, 471, 474 
Classification of ore-deposits, 12, 227-241 
Beck, 236 
Bergeat, 237 

Beyschlag, Krusch, and Vogt, 238-241 
Burat, 228 


Classification of ore-de]>osits — ('o'utlnued 
Callon, 230 
von Cotta, 229 
difficulties, 237 
discussion, 239 
Fuchs and dc Launay, 234 
Grimm, 230 .. 

von Groddeck, 232 
Gurieh, 235 
Hofer, 235 
Kemp, 23!i 
Kohler, 230 
Lottnor-.Serlo, 230 
Naumann, 230 
Neve Foster, 230 
rhilli])s and Louis, 231 
Po.sepn^, 234 
principles, 228 
Stelzner, 232, 235 
V^)gt, 236 

von Waldenstein, 228 
von Weissenbach, 228 
Werner, 228 
Whitney, 228, 231 
(’lay Ironstone, formula, etc., 92 
Cobalt, association, 162, 168, 169, 287, 347 
m the earth’s crust, 153, 156, 254 
price, 208 

world’s production, 207 
(.’obalt-arsenopynte, formula, etc,, 97 
Cobalt fahl bands, 162 
(’obalt lodes, faulting, 25 
Cobalt ores, 73, 97, 133 
metal content, 206, 344 
occurrence, 206 
C’obaltiferous ])yrito, 97 
pyrrhotite, 97 

(^!obaltite, formula, etc., 97, 283 
Cockade oie, 114, 117 
Coloradoitc, formula, etc., 80 
Colouring, indication of ore-deposits, 222 
Compact structure, 120 
Complex filling, 108 

Composite lode, (.’otta and Naumann, 38 
Krusch, 40 

Composition of earth’s crust, 147, 149 
(’oncentric crusted .structure, 113, 114, 119 
(.’oncentric ore, 117 
(kmcretionary deposits, 45 
Conformable ore-deposits, 194 
Contact-deposits, apomagmatic and peri- 
mmgmatic, 353 

assumed course of mineralization, 407 * 

collateral^and immediate, 179, 350 

copper, 360, 396 

definition, 35, 141, 178-180, 348 

distribution, form, etc., 35 •> 

genesis, 35, 352, 403, 404 

iron, 160, 353, 356, 360, 366, 369, 373, 379 
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Contact- deposits — contimied 
manganese, 387 
metal content, 354, 404 
nature of occurrence, 349, 403, 404 
occurrence, 354, 356, 360, 373, 398, 402, 
404 

oxide, 354 

production, 405, 407 
properties, 37, 69 

relation to magmatic segregations, 352 
relation to tin deposits, 352, 411, 422 
silver-lead-zinc, 399 
stages in formation, 180, 349, 362 
stanniferous, 406, 408, 409 
sulphide, 354, 396 
zinc-maiigancso, 394 
Contact iron ore, 180 
genesis, 174 
Contact lode, 36, 69 

Contact-metamorphic deposits, 12, 69, 141, 
243, 277, 370, 391 
relation to tin deposits, 442 
Contact-metamorphisrn, mineral formation, 
141, 349, 359, 427 

origin of ore-deposits, 172, 178, 180, 318, 
362, 397, 403, 405, 408 
Contact-metasomatis, 180, 349, 372 
Contact minerals, 180, 349, 350, 353, 357, 
402, 408 

Contact super-metamorphism, 180 
Contact zone, 35, 141, 179, 446 
Content of ore-deposits, 1, 171 
Contraction joints, 64 
Copper, association, 163, 167, 168, 287, 
347 

content, 201 

in the earth’s crust, 154, 156 

native, 140, 163, 214, 301, 346 

occurrence, 198 

ores, 89 

origin, 144 

price, 208 

production from pyrite deposits, 327 
world’s production, 207 
Copper-cobalt lodes, primary depth-zones, 
212 

Copper deposits, 168, 170. 181, 340, 353, 
369, 360 • 

copper-silver relation, 163 
depth-zones, 210, 211, 214, 215, 216 
genesis, 188, 346, 397 
eold-silver relation, 166 • 

metal content, 166, 198 
nature of occuiTence, 396 , 

occurrence, 396, 409 
production, 398, 436 
Copper lodes, 398, 403, 423, 433 
Copper-nickel relation, 165, 283 
Copper ore, metal content, 201, 206 


# 

Copper ore — continued * 

occurrence, 198, 300, 398, 405, 433, 434 
primary and secondary, 90 • 
Copper-shale, 163, 166 
Copper-silver deposits, depth-zones, 216 
Copper-silver relation, 165, 163 
Copper sulphides, auriferous, 403 
Copper-uranito, formula, etc., 102 
Coitindum, ^3 
I origin, 130, 131, 132 
I Corundum deposits, 249, 291 
j Covellite, formula, etc., 89 
I Critical temperature, 132, 363, 419 
I Crookito, origin, 130 
Cross lodes, 62 

Crusted structure. 111, 406, 417, 441 
Cryolite, formula, etc., 103 
I Cryolite deposits, 135, 422 
' occurrence, 450 

Crystallization from molten condition, 127, 
I 172 

' Cupriferous pyrite, formula, etc., 89 
I pyrrhotitc, formula, etc., 89 
I Cuprite, formula, etc., 89 

I Danaito, 283^ 

Deflection, lode, 4i^, 70, 434 
Depth-zones, 75, 209 
I primary, 209, 221, 322 * 
secondary, 9, 212 
I cementation, 213, 221 

; oxidation, 212, 221 

Descon.sion theory, 189 
I Dctrital deposits, 14, 195, 342, 445, 447 
I Deviation of lodes, 70 
I Diamond, origin, 129 
j Diasporite, 359 
' formula, etc., 103 
I Didymium, in the earth’s crust, 152 
I Differentiated lodes, 243, 257, 269 
I Diopside, origin, 349, 352 
' Dip junction, 70 
' Diskrasite, formula, etc., 85 
: Distribution of elements, 147 
i acid, 157 
j aluminium, 152, 156 
I allanite, 151 
I antimony, 164 
! arsenic, 154 

j barium, 152 

i basic, 167 
beryllium, 152 
boron, 161 
bromine, 150 
csBsium, 152 
calcium, 162, 166 
carbon, 162 
cerium, 162 
chlorine, 160 
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Distribution of elements — continued 
chromium. 163, 156 
cobalt, 153, 150 
copper, 164, 155, 166 
didymium, 162 
fluorine, 150 
gprmaniiim, 161 
gold, 154, 156 
hydrogen, 160 
iodine, 150 
iron, 162, 166* 
lanthanum, 152 
load, 154, 156 
lithium, 152 
magnesium, 152, 166 
manganese, 153, 156 
mercury, 166 
molybdenum, 154 
monazite, 151 
neutral, 168 
nickel, 153 156 
niobium, 154 
nitrogen, 160 
noble earths, 151 
oxyi^on, 149 
•phosphorus, 151 
Ijlatinum^ 154, 156 * 

potassium, 162, 155 
quicksilver, 154 
radium, 154 
rubidium, 162 
selenium, 160 
silicon, 151 
silver, 164, 156 
sodium, 152, 155 
strontium, 152 
sulphur, 150 
tantalum, 154 
tellurium, 151 
thorium, 152 
tin, 154, 156 
titanium, 161 
uranium, 164 
vanadium, 153 
xenotime, 151 
yttrium. 152 
zinc, 1-1, 156 
zirconium, 151 

Disturbances, epigenetic deposits, 48 
syngenetic deposits, 17 
Drusy structure, 93, 118 
Djmamo-metamorphism, 313 

Earth’s crust, composition, 147, 149 
iron-manganese relation, 162 
specific gravity, 147, 171 
Earths, noble, in the earth’s crust, 161 
Eisengranitely 260, 267 
Electrolysis, 139, 145, 164 


Elements. See Association and Distribution 
acid, 157, 172 
basic, 157, 172 
neutral, 158, 172 
Elvans, 433 

Endokinetic fissures, 62 
Epidote, origin, 349 
Epigenetic deposits, 12, 35, 269 
disturbances, 48 
Erythritc, formula, etc., 97 
Eutecticurn, 128 
Exokinctic fissures, 62 

Eahlbands, 45, 46, 280, 282, 285, 312 
cobalt, 162 
form, 48 
genesis, 339 
intrusive, 337 
nature of occurrence, 338 
False walls, 8, 38, 387 
Faulting, attendant, 223 
step-, 28, 70 
syngenetic deposits, 25 
unravelrnent, 30 
Faults, 62, 335, 362, 363 
fold-, 21 
transverse, 318 

Felspar, in the eruptive rocks, 149, 423 
Fcrrification, 349 
Ferruginous mica-schists, 194 
iron -manganese relation, 160 
Filons plombif'eres, 422, 423 
stanmf^res, 422, 423 
Fissures, anticlinal, 62 
arrangement, 69 
endokinetic, 62 
exokinetic, 62 
synclinal, 62 
tension, 63 
tortion, 63 
Flats, 69 
Floze, 417, 425 
Flucan, 108 

Fluidal structure, 272, 275 
Fluor-apatitc, 176, 270 
Fluorides, 133, 352* 

Fluorine, in the 4 >arth’s crust, 150 
in gold lodes, 181 
in tin lodes, 175 
Fluorine minerals, 135, 185 
in contact deposits, 180 
Fluoritb, 273, 302, 352 
as gangue, 106, 184 
origin, 13^7 
Fluoritization, 416 
Fluxes, 74, 107 
Fold-faults, 21 

Folding, epigenetic deposits, 48 
syngenetic deposits, 17 
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Fracture, cause, 61 
caving, 67 
duration, 67 

impregnation, 416, 423, 433 
Franklinite, formula, etc., 87 
Free milling ore, 220 
Fumaroles, 133, 401 

Gabbro, 252, 281, 284, 452 
Galena, depth-zones, 210, 218 
formula, etc., 86, 283 
origin, 131, 140 
Gal Hum -zinc relation, 163 
Gang, 68 
Gangue, 71, 104 
Garnet, 351 
origin, 349 
Garnetization, 349 
Garnet ores, 102 

Garnierite deposits, 159, 162, 170, 191 
genesis, 300 
metal content, 205 
Gash veins, 68 

Genesis of ore-deposits, 1, 127, 171, 347 
Geological position, 1, 3, 171 
nickel-pyrrhotite deposits, 280 
Germanium, association, 160, 166 
in the earth’s crust, 151 
Gersdorffite, 283 
Geysers, 135 

Gold, association, 164, 168, 169 184, 214,283 
in the earth’s crust, 154, 156 
native, 346 
ores, 76 

origin, 139, 144, 220 
world’s production, 207 
Gold lodes, 168, 184, 353, 359 
metal content, 166, 202 
Gold ore, metal content, 74, 206 
occurrence, 202 
primary and secondary, 76 
Gold-quartz lodes, old, 164, 165, 315 
genesis, 188 
Gold selenide ores, 83 
Gold-silver lodes, 134, 151, 167 
young, 164, 165, 167„169, 222 
genesis, 174, 182, 184, 185 
stages in formation* 186 
Gold-silver relation, 164, 165 
Gold telluride lodes, 83, 151, 359 
Gossan, 9, 220, 321 
C^uge, 38, 108 
Gouy Chaperon’s law, 147 
Graphite, origin, 129 • 

Gravel-deposits, 3, 12, 17, 103, 195, 202, 342, 
423, 436, 437 
autiferous, 6 
eluvial, 17, 344, 445 
flu via tile, 17, 445 


Gravel-deposits — continued 
marine, 17 

metal content, 74, 442 
occurrence, 442, 447 
primary and secondary, 77 
production, 345, 424, 431, 436, 443, 444, 
446 

Gravel-tin, -^47 

Groisen formation, 134, 143, 175, 185, 414, 
420 

Ground plan, 50 ^ 

Ground- water, 8 
Ground-water level, 10, 75, 322 

Ilaardartt 309 

Hsematitc, formula, etc., 92 
iron-manganese relation, 160 
Haematite deposits, 213 
Hallellinta, 275 
Haukis schists, 270 
Hausmannite, formula, etc., 94 
Heated watiTs, action of, 186, 190 
Heavy metals, 73 

Hemimorphite, formula, etc,, 87, 163 
Hessite, formula, etc., 80 ^ 

Horizontal lateral displacemeifl!?^ 32 
unravelmej..t, 33* • 

Hornblende, in the eruptive robks, 149 
origin, 349 

Hubnerite, formula, etc., 448 
Hydrogen, in the earth’s crust, 150 
Hydrosphere, 147, 149 
Hydrozincite, formula, etc., 87 

Jdrialite, formula, etc., 84 
llmenite, 141 
metal content, 251 
llmenite depo.sits, genesis, 251 
occurrence, 250, 256, 259 
titanic acid content, 253, 259 
Impregnations, 12, 44, 90, 321 
Impregnation fracture, 416, 423, 433 
Indicator ores, 76, 86, 92 
Indium, association, 162, 163 
Injection theory, 190 
Intrusive deposits, 275, 280, 288 
chromite, 248 ® 

pyritc, 173, 301, 304, 314, 315, 327, 330, 
332, 333, 330, 337 
Intrusive fahlbands, 337 
Iodide, 145 

Iodine, in the earth’s crust, 150 
lodyrite, formula, etc., 85 
Iridium, 342 

Iron, association, 159, 167 
in the earth’s crust, 162, 166 
native, 139, 342 
ores, 92 
origin, 137 
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Iron — contiMLed 
price, 208 

world’^ priMuction, 207 
Iron-cap, 220 

Iron deposits, 143, 171, 173, 350 
composition of oro, 264, 362, 365, 367, 368, 

371, 377 

genesis, 194, 267, 275, 276, 344, 353, 357, 
362, 363, 369, 372, 377, 38lf, 390 
history, 372 

metal content. 1197, 261, 264, 273, 357, 362, 

372, 377, 383, 393 
metasomatic, 181, 197 

nature of occurrence, 261, 264, 271, 273, 
277, 355, 357, 361, 363, 366, 370, 373, 
376, 379 

occurrence, 259, 260, 264, 266, 270, 272, 
277, 354, 360, 363, 366, 369, 373, 376, 
379 

production, 266, 275, 359, 363, 366, 372, 
391, 392, 393 

Iron-riuinganosc ores, 161, 181 
Iron-mangancso relation, 153, 160, 161 
Iron ore, 181 

mcti^l content, 73, 74, 94, 206, 264, 273 
♦ccurrencrjOlOO, 403 • 

primary and secondary^ 93 ^ 
world's pi7iduction, 161, 207 
Irregular coarse structure, 109, 118, 121, 399 
Itabirite, 113, 194 

jamesonite, formula, etc., 86 
Jointing block, 64 
cylindrical, 65 
irregular polyhedral, 64 
prismatic or columnar, 65 
quadrangular, 65 
spheroidal, 65 
tabular, 64 

Joints, contraction, 64 
simple, 64 
Joscphmite, 341 
^Jumillite, 452 
Junction, dip, 70 
lode, 70, 434 
oblique, 70 
square, T-l 

Juvenile s[)rings, 135 

Kaolmization, 134, 318, 362, 414, 434 
Kidney ore, 119 
Killas, 431 
Kinks, 49 

Knotten ore-bed, 194 
Korallenerz, 84, 460, 480 
Kriigoroito, 278, 454 
Krennerite, formula, etc., 76 
Kupferschiefer, 25, 140, 103, 194, 223 
occurrence, 198 


Ladder lodes, 65 
Lake-iron ore, 137, 192, 193 
iron-manganese relation, 161 
Lanthanum, in the earth’s crust, 152 
Lateral displacement, 7, 26, 32, 33 
Lateral secretion theory, 148, 157, 171, 186, 
189, 191 

Laterite, ore fragments, 224 
Laurionite, formula, etc,, 145 
Lauritc, formula, etc., 342 
Law of mass action, 143 
Lead, association, 163, 164, 168, 283 
in the earth’s cru.st, 154, 156 
native, 140 
ores, 86 
price, 208 

world’s ])ro<luction, 207 
Lead deposits, 143, 353 
Lead ore, metal content, 206 
occurrence, 205 
primary and secondary, 87 
Lead-silver deposits, 214, 325, 422, 434 
production, 436 
Lead-silver relation, 155 
Lcad-zinc-silvcr dc])osits, 180, 186 
genesis, 401 

nu'tal content, 400, 428 
nature of occurrence, 399, 400 
old, genesis, 186 
production, 402 
Lead -zinc ores, 181 
L(‘bcrcrz, 460, 480 
formula, etc., 84 
Leu cite, 131 

licucopyrite, formula, etc., 404 
[anionite, formula, etc., 92, 94 
manganese content, 161 
origin, 321 

Jannseito, formula, etc., 97 
Literature, text- books and manuals, periodi- 
cals, general maps of orc-dcposits, 11 
Lithium, in the earth’s crust, 152 
Lithosphere, 147, 149 
Lodes, age, 67 
auriferous, 109 
behaviour, 70 ^ 

composite, 38, 40 
contact, 36, 69* • 
cross, 62 
definition, 2 
deviation, 70 

diffcrimtiatcd, 243, 257, 269 
genesis, 190 
intrusive, ^48, 280 
ladder, 65 
parallel, 70 

primary depth-zones, 209 
radial, 70 
simple, 37 
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Lodes — continued 
strike, 62 
tectonic, 433 

Lode deflection, 48, 70, 434 
Lode fissures, 69 
Lode junction, 70, 434 
square, oblique, dip, 70 
Lodestuff, 104 

Lode-system, or -series, 69, 203 
^ Lode walls, 8 

Lollingite, formula, etc., 101, 404, 408 
Load-zinc deposits, 8, 121, 187, 398 
argentiferous, 168 
metasomatic, 216, 218 
Lean ores, 276, 382, 390, 393 
iron-manganese relation, 160 

Magmatic differentiation, 171, 172, 191, 242, 
251, 267, 269, 276, 277, 281, 286, 295, 
311, 312, 331, 362, 390 
Magmatic segregations, 1, 12, 13, 111, 117, 
173, 190, 242, 276, 289, 298, 300, 312, 
360, 404 

apatite-iron deposits, 160, 173, 259 
bornite deposits, 300 
chromite deposits, 169, 173, 244, 269, 
299 

connecting links, 347 
corundum deposits, 249 
depth-zones, 209, 211, 321 
form, distribution, size, 13, 14, 174 
ilmenite dej)Osits, 260 
intrusive fahlbands, 337, 340 
intrusive pyrite deposits, 301, 303, 304, 
314, 315, 327, 330, 332, 333, 336 
iron deposits, 173, 259, 264, 266, 270, 272 
iron -manganese relation, 160 
metal content, 163, 166, 162. 287 
metal deposits, 243, 340 
native copper and native gold, 345 
niccolite and chromite deposits, 299 
nickel-iron deposjits, 340 
nickeliferous iron deposits, 342 
nickel-pjrrrhotite deposits, 96, 173, 280, 
289, 293, 294, 297 
oxide deposits, 243, ^44 
platinum deposits, 342^ 
relation to contact-dfcposits, 352 
rutile deposits, 277 
stages in formation, 174 
sulphide deposits, 243, 278 
- titaniferous iron deposits, 160, i73, 243, 
264, 269 

titaniferous magnetite deposits, 260 
Magnesift-mica, 131 

Magnesium, in the earth’s crust, 162, 166 
Magnetic prospecting, 224 
Magnetism, indication of oro-depo»its, 224 
Magnetite, 270, 283, 380, 406, 406 


Magnetite — coTutinued 
formula, etc., 92 
origin, 130, 141 
Magnetite deposits, 213, 261 
metal content, 196 
Magnetite ore, 266 

iron-manganese relation, 160 
Magnetite-speculante deposits, 379 
genesis, ^9, 391 
geological position, 391 
Malachite, formula, etc., 80 
Manganese, association, 160, 168 
m contact iron ore, 180 
in the earth’s crust, 153, 166 
ores, 94 
origin, 137 
price, 208 

Manganese deposits, 142, 168, 387 
genesis, 390 

metal content, 198, 388 
nature of occurrence, 388, 390 
production, 388 

Manganese iron ore, iron -manganese rela- 
tion, 161 

Manganite, formula, etc., 94 
Marcasite, fl)rmula, etc., 104, *283 
Mass action^ law iif, 143 
Matrix, 104 

Mechanical concentratioit, 172, 195 
Mclaconite, formula, etc., 89 
Mercury, in the earth’s cru.st, 156 
production, 470 

Metacinna barite, formula, etc., 84, 467 
Metal content, 72 
asbolane, 206 
copper, 91, 198 
garnierite, 205 
gold, 74, 202 
gravel-deposits, 74 
iron, 73, 74, 94, 197, 206, 264, 273 
lead, 87 
magnetite, 196 
manganese, 95, 197 
nickel-iron, 340 
nickeliferous iron, 341 
nickel-pyrrhotite, 163, 165, 206, 206 
oxidation, cementation, am’ primary 
zones, 75 
platinum, 342 

pyrite, 163, 165, 199, 302, 306, 321, 328, 
331, 335, 337 
quicksilver, 204 
silver, 86, 202 
tin, 205 

young gold-silver lodes, 185 
zinc, 206 

Metamorphism, contact-, 141, 172, 178, 318, 
427 

dynamo-, 313 
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I, 420 

pressure-, 142, 304 
regional-, ‘46, 318, 379 
Metasomatio deposits, 6, 12, 113, 181 
contact, 398 • 

form, 41 
iron, 181, 197 
iron-manganese, 169 
• lead-zinc, 43, 114, 215, 218 
manganiforow iron, 41 
silver-lead, 462 
stages in formation, 181 
tin, 410 

zinc, 87, 109, 214 
Metasomatis, contact-, 180, 349 
mineral formation, 142 
origin of ore-deposits, 171, 172, 181 
Mica-schists, ferruginous, 194 
iron -manganese relation, 160 
Microscopic structure, 123, 254 
Millerito, formula, etc., 283 
Minietite, formula, etc., 86 
Mineral formation, 120 

action of gases or vapours upon solid 
b/^dies, 131 ^ 

•hetion of '^ifsos upon mineral solutions, 138 
action »of solid bodies Upon dolutions, 139 
action of solutions uyion minerals, 141 
catalytic action, 132 
con tact -metam oryih ism , 141 
crystallization from molten silicate solu- 
tions, 127 

dccomyiositioii of gases and vayiours by 
heat, 130 

dissipation of the medium of solution, 136 
electrolytic precipitation, 139 
fumarolcs, solfataras, mofette, solTioni, 
133 

greiseii formation, 143 
kaolinization, 134 
law of mass action, 143 
, meeting of two solutions, 137 
mctasomatic alteration, 143 
mineralizing agents, 132 
mixing of two gases, 130 
pneumatobydatogencsis, 132 
pneumat oiysis, 132 

pneumatolytic inetamorphism of country- 
rock, 134 

precipitation from aqueous solution, 135 
pressurc-metamorphism, 142, 304 
propylitization, 134, 143 
sublimation, 129 
weathering, 144 
Mineralizing agents, 132 
Mineralogy, nickel -pyrrhoti to deposits, 282 
Miner’s compass, 224 
Minor’s proverb, 214 


Metam orph^sm — continued 
.pneumatolytic-, 134, 411 


Minette, 197 

manganese content, 161 
Mixed ore, 321 
Mofetto, 133 

Molybdenite, association, 449 
formula, etc., 102, 283 
Molybdenum, in the earth’s crust, 154 
Molybdenum ore, 102, 450 
world’s production, 207 
Molybdenum sulphide, price, 208 
Monazite, in the earth’s crust, 151 
formula, etc., 103 

Morphology, nickel- pyrrhotite deposits, 284 
Mulallos, 219 
Muronaglass, 129 

Nagyagitc, formula, etc., 76 
Natural baths, 135 
Negrillos, 219 
NetWork, 69 

Niccolite and chromite deposits, 299, 347 
Nickel, association, 162, 168, 287, 347 
m the earth’s crust, 153, 156, 254 
native, 139 
ores, 95 
price, 208 

world’s production, 207 
Nickel-cobalt lodes, 223 
Nickel-cobalt relation, 153, 162, 283 
Nickeliferous iron deposits, 341 
Nickel-iron deposits, 340 
Nickel ore, 73 

metal content, 96, 206 
occurrence, 205 
primary and secondary, 96 
Nickel-pyrrhotite deyiosits, 168, 173, 312 
copper-nickel relation, 155, 283 
genesis, 286, 288, 295 
geological position, 280 
gold-silver relation, 165 
metal content, 153, 155, 166, 205, 206 
mineralogy and chemistry, 282 
morphology, 284 

nature of occurrence, 291, 293, 294, 299 
nickel-cobalt relation, 162, 283 
occurrence, 280, 289, 293, 294, 297, 298, 
299 

primary depth-z(nies, 211 
yiroduetion, 297 
Niobium, association, 166, 446 
in the earth’s crust, 154 
Nitrogey, in the earth's crust, 150 ^ 

Noble earths, in the earth’s crust, 151 
Nomenclature of cavity -fillings, 68 
Nordmarkit^, 354 , 

Oblique junction, 70 

Old workings, indication of ore - deposits, 
226 
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Opal, as gangue, 104 
origin, 137 
Orangite, 103 

Ordinary or plain crusted structure, 113 
Ore, definition, 71 
metal content, 72, 206 ^ 
primary and secondary, 75 
Oro-beda, genesis, form, properties, 14, 172, 
192, 195 

primary depth-zones, 212 
sedimentary, 12, 113 

Ore-deposits, ' classification, form, and 
graphic representation, 12, 227-241 
crystallization from molten matter, 
172 

definition, 2 

genesis, 1, 127, 172, 347 

geological position, shape, content, 1, 3, 

' 171 

mechanical concci\tration, 195 
pncumatolysis, 172, 175 
stages in formation, 174, 180, 181, 186, 
192 

Ore fragments, in surface detritus, 223 
Ore gravel, 3, 17 
Ore-shoots, 51, 408 
Orpiment, formula, etc., 101 
origin, 136 
Orthoclasc, 131 
Osm iridium, 342 
Osmium, 342 
Osmium ores, 83 
Overthrusting, 62, 318 
epigenetic deposits, 48 
syngenetic deposits, 21 
unravel rnent, 23 
Oxidation ores, arsenic, 101 
bismuth, 101 
iron, 92 
lead, 87 
quicksilver, 84 
silver, 86 
zinc, 87 

Oxidation zone, 10, 66, 138, 144, 212, 214, 
215, 221, 321, 399 
copper deyiosits, 359 
gold telluridc lodes, %3 
metal content, 75 c ' 

Oxides, origin, 214 
Oxide contact-deposits, 354, 356 
Oxide segregations, 243, 244 
, chromite deposits, 244 „ 

corundum deposits, 249 
iron ore and apatite - iron ore, 259, 
26Q 

rutile deposits, 277 

titaniferous magnetite and ilmcnite, 250, 
‘256, 257 

Oxygen, in the earth’s crust, 149 


219 

Palladium, 342 
Parallel lodes, 70 
Pencil ore, 119 
Pentlandite, 123, 282 
Porimagmatic minerals, 353 
Petzite, formula, etc., 76 
Phosgenite, formula, etc., 86 
Phosphates, ^218 

Plmsphorus, in contact-deposits, 180 
in the earth’s crust, 151^ 

Pimelite, formula, etc., 95 
Pipe veins, 68 

Pitchblende, formula, etc., 102 
Plans, ground, 50 
longitudinal, 50 
sections, 50 
stuping, 50 

Plants, indication of orc-doposits, 223 
Ainorpha Cariescem Nutt, 223 
Polycarpnea iSpirodyhs, 223 
Viola Jjutea, 223 
Platinum, 342 

association, 165, 283, 343, 347 
m the earth’s crust, 154, 156 
metal content, 342 
native, 81^, 139, 169 
ores, 83 e 
jirice, 208, 345 
world’s production, 20’/ 

Platinum diqiosits, 342 
genesis, 343, 344 
nature of occurrence, 343 
production, 344, 345 
Plication, syngenetic deposits, 17, 318 
Plotting, 223 

Pneumatohydatogenesis, 132, 277, 352 
Pneumatolysis, mineral formation, 132 
origin of ore-deposits, 171, 172, 175, 190, 
275, 277, 289, 347, 352 
Pneumatolytic deposits, 243 
Pneumatolytic metamorphism, 134, 419, 
420 

Polianitc, formula, etc., 94 
Polybasite, formula, etc., 85 
Polycarpam Spirosylis, 223 
Polydymitc, formula, etc., 283 ^ 
Potassium, in the earth’s crust, 152, 155 
Precipitation from solution, mineial forma- 
tion, 135 

origin of ore-deposits, 171, 172, 182 
Pressure, 132, 145, 147, 209, 211 
Pressure-metamorphism, 142, 304 
Primary depth -zones, 209, 322 
Primary ores, 216 
aluminium, 104 
antimony, 101 
bismuth, 100 
gold, 76 
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Primary oii)s — continued 
. iron, 93 
leadi 87 h) 
quicksilver, 84 
silver; 86 
tin, 99 * 

zinc, 87 

Primary zone, 10, 66, 126, 214, 221, 322, 399 
gold telluride lodes, 83 
metal content, 15- 
native gold, (S 
Propylite, 134 

Propylitization, 134, 143, 185 
Proustite, formula, etc., 85 
origin, 131 

Proverb, minor’s, 214 
Psilomelanc, formula, ^ctc., 94 
P 3 a‘argyrite, formula, oto., 85 
origin, 131 

Pyrite, 264, 282, 302 
argentiferous, 85 
auriferous, 76, 346 
depth-zones, 215 
formula, etc., 104 
origin, 131, 132, 138, 140 
p stfmnifei^ijs, 99 • 

Pyrite deposits, 166, 168,181^88, 301 
composition of ore, 307, 314, 322, 330, 335 
depth-zones, 2! 2, 213, 215, 321 
disturbances, 318, 335 
genesis, 171, 173, 194, 303, 311, 313, 315, 

318, 325, 331, 335, 336 
history, 313, 325, 328 
iron-manganese relation, 160 
metal content, 163, 165, 199, 302, 306, 

314, 321, 328, 331, 335, 337 

nature of occurrence, 302, 304, 310, 313, 

316, 318, 320, 324, 328, 330, 332, 333, 

336 

occurrence, 302, 303, 304, 308, 309, 314, 

315, 327, 330, 332, 333, 336 
production, 303, 313, 315, 326, 327, 332, 

337 

-relation to nickel-pyrrhotite deposits, 312 
Pyrolusite, formula, etc., 94 
P 3 nromorphil e, formula, etc., 86 
Pyroxene i the eruptive rocks, 149 
Pyrrhotitc, 282, 302 
formula, etc., 104 
origin,_131 

Pyrrhotite-gabbro, 284, 287 

Quartz, 131, 137 
in the eruptive rocks, 149 
as gangue, 104, 184, 186, 211 
Quartz-banded ore, 262 
Quartz Iddes, 135, 346, 471 
auriferous, 398 
occurrence, 449 


Quartz-magnetite deposits, 269, 276 
Quicksilver, association, 169 
in the earth’s crust, 154 
formula, etc., 84 
I price, 208, 463, 468 

i native, 487 ' 

j world’s production, 207, 463 

! Quicksilver antimony ores, 474 
j Quicksilver deposits, 170, 186, 353 
I genesis, 174, 182, 460, 461, 476, 480, 

I 484 

j metal content, 204, 462, 470, 477, 486 

mineral association, 469, 476, 484 

nature of occurrence, 458, 462, 465, 469, 
476, 480, 483, 485, 486 
occurrence, 457, 458, 461, 464, 466, 466, 
467, 469, 470, 474, 475, 478, 479, 482, 
483, 485, 486 

production, 468, 470, 471, 475, 477, 480, 
482, 484, 485, 487 
Quicksilver ore, genesis, 462 
metal content, 206 
occurrence, 204 

J primary and secondary, 84 

Quicksilver-tctrahedrite, formula, etc., 84, 
I 144 

I 

Radial lodes, 70 
Radial structure, 216 
Radium, 102 
in the earth’s crust, 164 
Realgar, formula, etc., 101 
origin, 136 
Reduction, 139, 145 
Reefs, 203 
saddle-, 63, 399 

Regional-metamorphism, 46, 318, 379 
Reniform structure, 215 
Retort-carbon, origin, 130 
Rhodium, 342 

Rhodochrosite, formula, etc., 94 
Rhodonite, formula, etc., 94 
Ridges, indication of ore-deposits, 222 
RissCy 427 

Rock inclusions, 71, 107 
Rubidium, in the earth’s crust, 162 
Ruthenium, 34 
Rutile, origin, 130,* 131 
price, 208 

Rutile deposits, 277 
production, 464 

Saddle*reefs, 63, 399 
Scapolite, 352, 420 
origin, 3f9 

Scapolitization, 135, 176, 420 * 

Scheelite, formula, etc., 102 • 

Schuchardite, formula, etc., 102, 448 
Secondary depth-zones, definition, 9, 212 
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Secondary depth-zones — continued 
cementation, 213 
oxidation, 212 

Secondary enrichment, 10, 210, 323, 369 
Sections, longitudinal, 50 
transverse, 50 

Sedimentary ore-beds, 12, 14, 172, 193, 
275 

Sedimentation, 102, 390 
Selenite, origin, 134 
Selenium, association, 83, 160, 166 
in the earth’s crust, 150, 188 
Selvage, 38 

Sonarmontitc, formula, etc., 101 
Shape of ore-deposits, 1, 171 
Siderite, depth-zones, 215 
formula, etc., 92 
iron -manganese relation, 161 
as ore and gangue, 73, 106 
origin, 131 
Siderite lodes, 116 
primary depth-zones, 211, 212 
secondary depth-zones, 213 
Silberschiefer, 479 
Silica, 137 
Silicates, origin, 138 
Silicification, 349 
Silicon, in the earth’s cnist, 151 
Silver, association, 163, 164, 168, 169, 
283 

in the earth’s crust, 154, 156 
native, 131, 139, 140, 163, 169, 464 
ores, 85 
price, 208 

world’s production, 207 
Silver-cobalt ores, 408 
Silver deposits, 164, 168, 169, 187, 353 
depth-zones, 214, 215 
metal content, 166, 202 
Silver-gold lodes, 169, 462 
Silver-gold relation, 155 
Silver-lead lodes, 214 
old, 164 

Silver-lead relation, 164 
Silvor-lead-zinc deposits, 180 
genesis, 401 , 

metal content, 400 c 
nature of occurrence, 599, 400 
production, 402 
Silver ore, metal content, 206 
occurrence, 202 
primary and secondary, 85 
Sfarver tin lodes, 166, 184, 423 
genesis, 174, 185 
Simple filling, 108 
Simple j(^t8, 64 
Simple lodes, 62 
Skarn, 377, 383, 393, 406 
Skuttonidito, formula, etc., 97 


Smaltite, formula, etc., 97 

Smaltite lodes, 169 

Smaragdite, 451 r 

Smithsonite, 137, 163 

Sodium, in the earth’s crust, 162, 155 

Soffioni, 133 

Solfataras, 133, 182, 461, 464 
Specularite, 270, 380 
formula, etb,, 92 
origin, 130, 131, 133 
Sporrylite, formula, etc,, 83, 284, 342 
Sphalerite, depth-zones, 210, 218 
formula, etc., 87, 283 
gallium-zinc relation, 163 
indium-zinc-relation, 163 
origin, 131, 140 
zinc-cadmium relation, 162 
Springs, indication of ore-deposits, 223 
bitter, 135 
geysers, 135 
juvenile, 135 
natural baths, 135 
sweet, 135 
thermal, 135, 461 
vadoso, 135 

Square junction, 70 - i- 

Stahlcrz, formjda, (^tc., 84. 480 
Stanniferous pyrite, formula, etc., 99 
Stanniferous contact - deposits, 405, 408, 
409 

genesis, 406, 408 
metal content, 405, 410 
nature of occurrence, 405, 408, 410 
production, 407 
Stannite, formula, etc., 99 
Step-faulting, 28. 70 
Stephanito, formula, etc., 85 
Stiblite, formula, etc., 101 
Stibnite, formula, etc., 101 
origin, 131 
Stock, 35 

Stockworks, 64, 69, 417, 425, 433, 440 
Strike lodes, 62 
Stromeyerite, formula, etc., 85 
Strontium, in the earth’s crust, 152 
Structures, 108, 125 
asymmetrical, 114 q, 

banded. 111, 113, 273, 308, 331, 350, 380, 
447 

breceiated, 117, 261, 272, 284, 302, 310, 
313, 433 
compact, 120 

concentric crusted, 113, 114, 119 
crusted. 111, 406, 417, 441 
drusy, 93, 118 
fluidal, 272, 275 

irregular coarse, 109, 118, 121, 399 
microscopic, 123, 264 
ordinary or plain crusted, 113 
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Structures — conti nued 
radial, 215 
reiiiforrft', 215 

secondary coarse iiitergrowth, 110 
symmetrical, 1J4, 426 
Sublimation, 129 
Sulph-antimonidos, origin, 131 
-arsenides, origin, 131 
Sulphates, 133 

Sulphides, solubility in silicates, 278 
Sulphide gold deposits, 220 
Sulphide lead-zinc deposits, 222 
Sulphide lodes, 166 

Sulphide nickel and cobalt ores, nickel- 
cobalt relation, 162 
Sulphide ores, 214 
origin, 131, 138 

Sulphide segregations, 243, 278 
bornite deposits, 300 
intrusive fahlbands, 337 
niccolite and chromite deposits, 299 
nickol-pyrrhotite deposits, 280, 289, 293, 
294, 297, 298, 299 

pyrite deposits, 301, 304, 314, 316, 327, 
*330, 332, 333, 336 ^ 

•^Sulpliide 'vyiris, 284, 288 
Snlphidio enrichment, •216 ♦ 

Sulphur deposits, 200 
genesis, 190 

Sulphur, native, formula, etc., 104, 166, 
216 

association, 160, 166 
in contact iron ore, 180 
in the earth’s crust, 150 
origin, 131, 133, 136 
price, 208 

Sulphur-ores, definition, 73 
primary and secondary, 104 
Sulphur-selenium relation, 166 
Suporsatu ration, 128 
Swarm, 69 
Sweet springs, 135 
Sylvanite, formula, etc., 76 
Symmetrical structure, 114, 426 
Synclinal axis, 19 
fissures, ‘»2 
Synclinj^, 17 
Syngenotic deposits, 12 
disturbances, 17 

Tantalum, association, 166, 446 
in the earth’s crust, 164 
Tectonic depression, 29 
elevation, 29 
fissures, 62 
lodes, 433 

Tellurido deposits, 167, 169, 219 
Telluride gold ores, classification, 82 
formulae, etc., 80 


Telluride gold ores — continued 
properties, etc., 79, 188, 219 
Tellurium, association, 160, 166, 169, 184 
in the earth’s crust, 161 
Temperature, 136, 138, 145, 209, 211, 
278 

critical, 132, 353, 419 
Tension fissures, 63 

Tetrahedrite, argentiferous formula, etc., 
85 

formula, etc., 89, 462 
origin, 131 

Thalcn’s magnetic corrector, 224 
Thermal springs, 135, 461 
Thomas ore, 196 
Thomas process, 75 
Thorite, formula^ etc., 103, 453 
Thorium, in the earth’s crust, 152 
Thorium ores, 103 
Thorium oxide, price, 208 
Thuringito, formula, etc., 92 
Tiberg clinometer, 224 
Tin, association, 166, 167, 168, 176, 418 
in the earth’s crust, 154, 156 
isolated position, 169 
ores, 99 
price, 208 

world’s production, 207, 424 
Tin-copper deposits, 167, 421 
depth-zones, 209, 216, 434 
Tin deposits, 168, 190, 351, 410, 412 
depth-zones, 211, 217 
form, 425 

genesis, 134, 143, 150, 174, 175, 186, 418, 
419 

metal content, 205, 424, 428 
mineral association, 418, 447 
nature of occurrence, 413, 417, 427, 430, 
445 

occurrenco, 425, 429, 430, 431, 433, 437, 
441, 444, 446, 447 
production, 428, 436, 446 
relation to apatite lodes, 420 
relation to contact-deposits, 352, 411, 
423 

relation to contbct-metamorphic deposits, 
442 ' . 

stages in formation, 175, 352 
Tin -floors, 417, 425 
Tin gravels, 205, 423, 436, 447 
Tin ore, 133 

m^l content, 206 ' ^ 

occurrenco, 204, 406, 416, 423, 427, 433, 
434 , 

primary and secondary, 99 % 

Tin oxide, in the earth’s crust, 164, 156, 
417 • 

Tin-silver lodes, 166, 184, 217^ 
genesis, 174, 186 
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Tin-silver lodes — continued 
metal content, 205 
Tin -wolfram deposits, 421 
Titanic acid, 276, 302 
Titaniferous iron deposits, 160, 167, 169, 
173, 243 

genesis, 246, 265, 269, 276 
metal content, 264, 347 
nature of occurrence, 255 
occurrence, 254, 255, 256, 257, 259, 269 
Titaniferius lodes, 135 
Titaniferous magnetite, 283, 287 
Titaniferous magnetite deposits, 250 
composition of ore, 254 
genesis, 251 

Titanium, association, 159, 167 
in contact iron ore, 180 
in the earth’s crust, 149, 151 
Titanium lodes, 422 
Titanomagnotite-spinelitc, 254 
Topaz, 131 
Topazification, 415 
Torrsten, 276, 382, 390 
Tortion fissures, 63 
Tourmaline, 184, 446 
Tourmalinization, 349, 422, 433, 448 
Transverse faults, 318 
Tungstic acid, price, 208 

Unravolment, faulting, 30 
lateral displacements, 33 
lode deflections, 49 
vertical displacements, 32 
Uranates, 218 
Uranium, association, 166 
in the earth’s crust, 154 
Uranium -ochre, formula, etc., 102 
Uranium ores, 102, 423, 450 

Vadose springs, 135 
Valentinite, formula, etc., 101 
Vanadium, association, 167 
in the earth’s crust, 153, 254 
Veins, 68, 190, 368, 408, 467 
apatite, 271, 272, 452 
apatite-rutile, 278 ^ 

auriferous, 66, 314, 346« " 
barite, 212 

cassiterite, 420, 440, 446 

chambered, 68 

cinnabar, 470, 483, 486 

%<t8, 69 * ' 

gamierite and asbolanc, 191 

gash, 68 , 

iron ore/; 189, 390 

magnesite and gamierite, 66, 96, 273 
manganese, 390 
pipe, 68 

polyhedral jointing, 64 


Veins — continued 
pyrite, 310, 346 
pyroxene and magnetite, 371 
stanniferous, 409, 423, 425 
sulphide, 284, 288 ^ 

Vortical displacements, syngonetic deposits, 
31 

unravelment, 32 

Viola Lutea var. Calaminaria, 223 
Visiergraupen, 427 
Vitriol ores, definition, 74 
Vivianite, 74 

Wad, formula, etc., 94 
Walls, false, 8, 38, 387 
Weathering, etc., 144, 212, 321, 424 
Willcmite, origin, 131 
formula, etc., 87 
Wolfram, association, 106 
production, 449 
Wolfram deposits, 421 
occurrence, 448 
Wolfram ores, 102 

world’s production, 207 
Wolframite, fonpiula, etc., 102 
occurrence, 423, 431 ' 

price, 449 ^ * 

production, 431 * 

Wolframite-fpiartz lodes, 448 
Wollastonite, 353 
origin, 349, 352 

Wood-tin, formula, etc., 99, 217, 411 
Workings, old, indication of ore -deposits, 
225 

Xenotime, in the earth’s crust, 151 

Yttrium, association, 160, 166 
in the earth’s crust, 152 

Zeolites, 189, 273 
origin, 137 

Zimmerman’s rule, 23, 30 
Zinc, a.ssociation, 160, 162, 168, 283 
in the earth’s crust, 154, 156 
price, 208 # 

world’s production, 207 
Zinc-cadmium relation, 155, 166 
Zinc deposits, 143, 181 
metal content, 206 
motasomatic, 214 
Zinc-manganese deposits, 394 
metal content, 395 
nature of occurrence, 394, 395 
Zinc ores, metal content, 206 
occurrence, 205 
primary and secondary, 87 
Zinc-spinel, origin, 131 
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Zincito,' formula, etc., 87 
Zircon, 261, 276 

Zirconiurfr, in the earth’s crust, 151 
Zones, contact, 35, 141, 446 
gossan, 9, 220^ 321 

oxidation, 10, 66, 138, 144, 212, 215, 321 
359, 399 


Zones — continued 

primary, 10, 66, 125, 214, 221, 322, 
399 

secondary enrichment or cementation, 10, 
66, 124, 140, 210, 212, 215, 321, 359, 
399 

Zwitter, 409, 416 
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Aachen, lead-zinc deposits, 5 
Aamdal, copper content, 201 
Abbadia San Salvatore, quicksilver, 471 
Adirondacks, apatite - magnetite deposits, 
277 

ilmcnite ore, 256 
titaniferous-iron ore, 259 
Agordo, pyritc deposit, 330 
production, 332 
s^tions, 331 ^ 

‘*'Aguas TiHifdas, surface area, 320 
Ahaus, jronstone concfctio^s, 46 
Alemtcjo,*apatite, 451 
Algiers, cinnabai', 487 
Palestro, 487 
Philippoville, 487 
Taghit, 487 

Alrnaden, quicksilver deposit, 201, 475 
metal content, 204, 477 
price, 478 

production, 204, 478 
San Francisco, 476 
San Nicolas, 476 
San Pedro y San Diego, 476 
sections, 476, 477 
Alno, ilmenito deposits, 258 
Altenberg, tin, 425 
wolframite, 448 
Anaconda. See Butte 
Anatolia, chromite, 248 
Antrim, metallic iron, 342 
Arendaf iron deposits, 375 
ore -reserves, 378 
production, 197, 378 

ArgeUze - Gazost, primary depth - zones, 
211 

Argentine, wolframite, 448 
Arizona, copper deposits, 396 
cementation zone, 215 
geological map, 397 
oxidation ores, 216 
secondary depth-zones, 214 
Asia Minor, quicksilver deposits, 486 
Kara Bournu, 486 


Asia Minor — continued 
Koniah, 486 
jiroduction, 486 

Associated Northern Blocks, ground plan, 54 
Atacama, atacamite, 219 
Atvidaberg, copper deposits, 340 
copper-silver relation, 163 
Australia, cassitcrite deposits, 444 
chromite, 249 
copper ore reserves, 200 
gold ore, 202 
Greenbushes, 446 
Herberton, 446 
molybdenum ore, 450 
Mount Bischoll, 444 
New South Wales, 446 
Queensland, 446 
silver deposits, 219 
'rasmania, 444 
tin, 205 

Avalaberg, quicksilver deposit, 483 
Awarua, nickel-iron, 340 

Bamle, apatite, 453 
nickel -pyrrhotite, 294, 296 
Banat, chromite, 249 
geological maji, 358 
iron-manganese relation, 160 
iron ore contact-deposits, 35, 356 
Banka, tin, 205, 437 
Batu Gajah, tin, <141 
Becchi near 'PHragona, cinnabar, 85 
Bciern, nickel-pyrrhotite, 294 
Beira Baixa, wolframite, 448 
Belgrade, quicksilver, 483 
Bercsowsk, quicksilver, 485 
Borgffiesshiibel, iron, tin, 409 ^ 

Bersbo, copper deposits, 340 
Beuthen, sulphide lead-zinc deposits, 183 
Bieber, nickel-cobalt relation, 1^ 

Bilbao, iron ore leservos, 197 
sidorite, oxidation, 216 
Billiton, tin, 205, 437 
Birtavarre, pyrito deposit, 304 
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Bissersk, platinum, 344, 345 
Bjornevand, apatite-iron ore, 266 
Black Hills, apatite, 451 
cassiterite, 447 
Bleiberg, lead-zinc ores, 44 
geologioal map, 42 
Blotberg, iron ore production, 392 
Blue Tier, tin, 446 

Boccheggiano, contact-metamorpliic deposit, 
370 

irregular coarse structure, 109 
Bodenraais, pyrito deposit, 337 
genesis, 339 
production, 340 
pyrite, origin of, 173 
pyrrhotite, pyrite, chalcopyrite, sphaler- 
ite, galena, 339 
section, 338 

Bogoslowsk, quicksilver, 485 
Bohemia, tin, 204 
See Saxony 

Boliver Prov., Santander, Columbia, oxida- 
tion ores, 90 

Bolivia, oxidation ores, 217 
pacos^ mulattos, negrillos, 219 
primary depth-zones, 211 
silver, 202 
silver deposits, 218 
tin, 205 

Borneo, quicksilver, 487 
Tagora, 487 
Bosnia, chromite, 249 
quicksilver-tetrahedrite, 457 
Bossrao, pyrite deposit, 304 
Boulder North Extended, Kalgoorlie, earthy 
gold, 79 

Brazil, ilraenito, 259 
titanomagnetite, 251 

British Guiana, auriferous gravel- deposits, 
6 

Broken Hill, cementation ore, 215 
contact iron ores, 180 
geological map, 400 
oxide ores, 400 
production, 402 
sections, 401 ( 

silver chloride, 219 ^ < 

silver-lead-zinc deposits, 399 
sulphide ores, 400 
Brosso, iron deposits, 373 
Bruseh, tin, 440 

Burdaly, chromite, 248 c 

Bufgstadt, Clausthal, lode-series, 115 
Burra-Burra, copper ores, 200 
oxidation ores, 216 
Butte, cementation zone, 215, 216 
copper content, 201 
copper-sUvor relation, 163 
ore-reserv^, 199 


Bulte—coniintted 
secondary depth-zones, 214 
silver-manganese relation, 16^ • 

Cabezas del Pasto, copper content, 324 
Caoaria, tin, 447 * 

Calaginevra, iron deposits, 370 
Calamita, iron deposits, 370 
California, quicksilver deposits, 464 
California mine, 465 
Clear Lake, 464 
general map, 465 
Great Eastern, 466 
Great Western, 466 
Knoxville, 464 
market conditions, 468 
New Almaden, 466 
Now Idria, 467 
Oat Hill, 465 
production, 468 
Redington, 465 
sections, 466, 467 
Steamboat Springs, 464, 467 
Sulphur Bank, 464 

Campiglia Marittima, Tuscany, stanniferous 
contact-eftposits, 409 
genesis, 411 £ « 

metal content, 410 
sections, 410, 411 • 

Canada, chromite, 249 
ilmenite, 259 
millcrite, 283 
molybdenum ore, 450 
nickel, 205 

nickel-cobalt relation, 162 
nickel-pyrrhotitc deposits, 281 
nickel -pyrrhotite, gold-silver relation, 165 
pcntlandite, 282 
Capalbio, quicksilver, 474 
Capobianco, iron deposits, 370 
t’aridad near AznalcoUar, copper content, 
324 

Castellaccio di Capita, quicksilver, 474 
Cava del Fumacchio, limonite, cassiterite, 
409 

Ccclavin, apatite. 451 
Cerro de Pasco, quicksilver, 470 t 
Chanarcdlo, cementation zone, 215 
chlorine, bromine, iodine, 219 
Changkat Parit, tin, 441 
Chessy, near Lyon, pyrito deposit, 327 
geological map, 329 
oxidation ores, 216 
Chili, copper ore reserves, 200 
magmatic gold, 346 
secondary depth-zones, 214 
silver deposits, 218 
China, quicksilver, 486 
Kwei Chan, 486 
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China — cJhtinued 
Toon Yon, 486 
Wan Shan Chang, 486 
Chonta, quicksilver, 470 
Christiania, contact-deposits, 177, 354 
iron -manganese f elation, 160 
magmatic copper, 346 
Cioux, tin, 430 
Claiisthal, flucan, 107 
Burgstadt lode-series, 116 
old lead-silvir-ziiic lodes, 187 
primary depth-zones, 210 
silver-gold relation, 164 
Clear Lake, quicksilver, 464 
Coalhoso, tin, 430 
Cobalt, hydrochemical filling, 96 
Coleman district, nickel, 205 
silver, bismuth, cobalt,^ 169 
Comstock, gold, 202 
silver, 202 

silver-gold relation, 165, 184 
Cornacchino, quicksilver, 472 
Cornwall, copper ore reserves, 200 
copper and tin, 167 
decth-zones, 209 

D^coath,* Cam Brea, Till croft, Cook’s 
Kitchen, 436 ^ ^ 

elvans, 4^3 
geological map', 432 
greisen formation, 176 
killas, 431 

longitudinal section, Uolcoath, 435 
oxidation ores, 216 
jn’oduction of tin and copper, 436 
tin, 205 

tin-copper lodes, 210 
wolframite, 448 

Cortivecchie, quicksilver, 472 • 

Cripple Creek, gold, 202 
gold-silver relation, 165 
tellurido ores, 219 
Cziklova, iron ore, 357 

Daghardy, chromite, 248 
Dakota, apatite, 451 
cassiterite, 447 

i)alkarl^erg, bon ore production, 392 
Dannemora, iron ore deposit, 379, 380, 382, 
383 

genesis, 277 
geological map, 384 
ore-reserves, 197, 392 
production, 392 
Daxelried, pyrito, 340 
Dillenburg, nickel, 205 
Dippoldiswalde, tin, 425 
Dobschau, nickel, 205 
nickel-cobalt relation, 162 
Dognacska, iron ore, 367 


Drammcn, contact iron ore, 365 
Ducktown, cementation zone, 216 
Dundret, apatite, 452 
Durango, tin, 447 
Dyrhaug, nickel-pyrrhotite, 294 

Earlton Leases, Mount Margaret River, 
free gold, 77 

Ehrenfriedersdorf, tin, 425 
Eibcnstock, tin, 425 
Eisenerz, mctasoraatic deposit, 181 
Eisenzeche lodc-series, 32 
Ekersund-Soggcndal, ilmenite, 256 

differentiation diagram of magmatic 
segregation, 251 
ilmenite analyses, 252 
ilmenite ore, 256 
origin, 174 

Ekstromsberg, surface area, 274 
Elba, contact-deposits, 178, 369 
iron -manganese relation, 160 
iron oxides and sulphide ores, 370 
production, 372 
sections, 370 

Elgersburg, manganese lodes, 212 
Elsie mine, plan, 292 
Elvo, nickel-iron, 341 
Encrucilhada, wolfram, 449 
Ertcli mine, ground plan, 295 
pyrrhotite veins in pyrrhotito-gabbro, 
285, 294, 297 

Espedalen, nickel-pyrrhotite, 294 
Eitremadura, apatite, 451 
Etha Knob, Black Hills, Dakota, cassiterite, 
347 

Eureka, secondary depth-zones, 214 

Eablun, pyrite deposit, 314 
copper content, 201 
copper-silver relation, 163 
iron -manganese relation, 160 
ore-reserves, 198 
section, 314 
selenium, 166 
silver-gold rela^on, 165 
Faroe Islands,%co^pcv deposit, 346 
Felsbbanya, ore fragments, 223 
Fichtolgebirge, tin, 429 
Finland, coiiper content, 201 
Fmmossen, surface area, 393 
Fiskeijord, apatite-iron ore, 266 
Fjotland, molybdenite, 450 • 

Flaad Mine, pyrrhotite veins in plagioclase 
crysflWs, 285, 286, 294, 296 
sectioms, 296 • * 

Foldal, pyrite deposit, 304 
France, tin deposits, 430 
Frankenstein, chromium, 249 • 
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Franklin Furnace, zinc-inanganeae deposits, 
394 

plan and section, 396 
zincite, 88, 394 
Freiberg, cerargyrite, 219 
indium-zinc relation, 163 
kink, Traugott lode, 49 
old load-silver-zinc group, 187 
primary depth-zones, 211 
silver, 202 

silver-gold relation, 164 
silver-lead relation, 164 

Gap mine, millerite, 283 
nickel-pyrrhotite deposit, 293 
I)Oiitlandite, 282 
Gavrilovka, quicksilver, 485 
Gellivara, apatite, 452 
apatite-iron ore, 270, 272 
composition of ore, 274 
genesis, 171, 173, 276 
ore-reserves, 197, 274, 275, 302 
surface area, 274 
Germany, quicksilver, 483 
Kirchheimbolanden, 483 
Lossnitz, 483 
Moschellandsborg, 483 
Neustadt, Bavaria, 483 
Potzberg, 483 
Geyer, tin, 425 
Ghinivcrt, pyrite deposit, 332 
Glashiitte, tin, 425 

Gluckauf, near Velbert, dmsy structure, 
119 

Golden Horseshoe, gold, 203 
sections, 62 
sloping plan, 56 
telluride lodes, 38 

Goldkaule, sloping plan, lead - zinc mine, 
64 

Gopeng, tin, 442 

Goroblagodatsk, iron deposit, 363 
composition of ore, 365 
contact-deposits, 363 
geological map, 364 
genesis of iron ore, 27 
platinum, 343, 344, 345 t 
section, 366 
Grangesborg, 382 
genesis, 277 
iron-field, 194 
ore-reserves, 197, 392 
jfroduction, 392 
section, 38^ 

Graslitz-Klingental, pyrite deposfts, 336 
genesis, %36, 337 
metcl content, 337 
production, 337 
section, 336 


Great Boulder Perseverance, tCalgoorlie, 
gold covering, 82 

Great Boulder Prop, gold, 203i • 

plan and bore-holes, 68 
Great Eastern, quicksilver, 466 
Great Western, quicksilver, 466 
Greece, chromite, 248 
Greenbushes, tin, 16, 446 
Greifenstein, tin, 425 
Grochau, chromite, 249 
Guadalcazar, quicksilver, 4(l9 
Guadahipana, quicksilver, 469 
j Guanajuaro, cementation zone, 215 
I 

Hauraki, telluride ores, 219 
Hcindalen, analyses of ore, 264 
Helena, gold ores, 346 
Herberton, tin, copper, 167, 446 
wolframite, 448 

Herdorf, Siegerland, concentric scaly struc- 
ture, 120 

Herrang, iron ore production, 392 
Herzgovina, chromite, 249 
I Hestmando, chromite, 246, 246 
Hirado, quicl^ilver, 487 
Hogberg district, iron ore, 19 * * 

Holzappel mini, m^roscopic structiirj), 124 
Horovik, quicksilver, 482 * 

Horten, copper deposits, fSO 
Huancavelica, quicksilver, 204, 470 
Huelva. 8m Rio Tiiito, 199 
Huitzuco, quicksilver, 469 
Hungary, quicksilver, 482 
Husaas, apatite, 453 

Iberian Peninsula, tin, 430 
Iceland, quicksilver, 487 
Idkerberg, iron ore production, 392 
Idria, quicksilver deposits, 457, 479 
classes of oro, 480 
production, 480 
quicksilver, 204 
section, 481 
Iglo, quicksilver, 482 
Ildekansk, quicksilver, 485 
Ilfeld, barium, manganese, 169 ^ 

manganese lodes, 212 
Ilmenau, barium, manganese, 169 
Intan, tin, 440 
Ipanema, ilmenite, 259 
Iron Springb, iron deposits, 374 
Ivanhoo, gold, 203 
stoping plan, gold, 63 
Ivigtut, cryolite, 347, 450 
production and use, 451 

Jacupirano, ilmenite, 259 
Jalisco, tin, 447 



pEOGKAPHICAL INDEX 509 


I 

fapan, cop^r content, 201 
copper ore reserves, 200 
Hiradb, 485 
quicksilver, 487 
J-ilapang, tin, 441 ^ 

Johanngeorgenstadt, cerargyrite, 219 
Josephine and Jackson Co., nickel-iron, 341 
Jumilla, Spain, apatite, 347, 45]^ 

Kalgoorlio, gold lodes, 38 
Kaljord, magnetite-pyroxenite, 263 
Kamsdorf, copper-cobalt lodes, 211 
metasomatic iron deposits, 43 
Kamtschatka, quicksilver, 485 
Kangardluarauak, mineral association, 455 
Kara Bournu, quicksilver, 486 
Kedabek, copper ore reserves, 200 
Ktemikli, chromite, 249 
Killingdal, pyrite deposit, 304 
section of pyrite body, 309 
surface area, 308 
Kingston, apatite, 454 
Kirchheirabolanden, quicksilver, 483 
Knrunavaara, apatite-iron ore, 270, 271, 274 
composition of ore, 274 
•genesis, lYlf 173, 275 
metal content, 207 • 

oro-roservfcfc, 190, 274, 275 
surface area, 274 
Kitzbiihl, bedded copper lode, 40 
Kjoli, pyrite deposit, 304 
Klacka-Lerbcrg, surface area, 393 
Klackberg, geological map, 384 
iron ore, 383 

Klcfva, nickol-pyrrhotite, 297 
Klein-Namaqualand, bornite, 300 
Klodoberg, analyses of ore, 377 
geological map, 376 
Knoxville, quicksilver, 464 
Kolningberg, iron ore, 383 
geological map, 384 
Komraern, galena bed, 195 
•Kongsberg, cerargyrite, 219 
fahlbanda, 47, 340 
old lead-silver-zinc group, 187 
silver, 202 

silver-gild rel.dion, 164 
silver -lead relation, 164 
silver lodes, 164 

Koniah, quicksilver deposit, 486 
production, 486 
section, 486 

Koskulls Kulle, iron ore, production, 392 
Kostainik, stibnite, 17 
Kragero, rutile in granite, 277 
Krasso-Szor^ny. <S’ce Banat 
Kraubat, chromite, 244, 249 
Kremnitz, young gold-silver lodes, 182 
Krivoi Rog, itabirito, 112 


Kupferberg, Silesia, contact- deposits, 36 
symmetrical crusted structure, 113 
Kwei Chan, quicksilver, 486 

La Crou, quicksilver, 479 
Lake Superior, copper deposits, 198, 346 
copper content, 201 
copper-silver relation, 163 
genesis, 189 
native copper, 89 
ore-reserves, 199 

Lake View mine, Kalgoorlio, free gold, 78 
Lam, pyrite, 340 

L3rigban, manganese deposits, 387, 389 
genesis, 389 
geological map, 387 
horizontal section, 388 
Langesund, apatite, 452 
Las Caberas, wolfram, 449 
Lohrbach, selenium, 166 
Leveaniemi, apatite-iron ore, 270 
surface area, 274 
Lied, analyses of ore, 254 
Lillofjeld, surface area, 308 
Lingen on the Kms, limonito, 46 
Lofoten, differentiation diagram of ore, 
253 

genesis of iron ore, 173 
titanomagnetite-spinellito, 255 
Lofoten- Vestcraalen, apatite-iron ore, 266 
Logrosan, apatite, 451 
Lorame, minette, 193 
or'^-reserves, 197 
Los Arcos, copper ore, 45 
Los Jarales, niccolite and chromite, 299 
Lossnitz, quicksilver, 483 
Liiderich, gallium-zinc relation, 163 
Lunddrren, nickol-pyrrhotite, 281 
Luosavaara, apatite-iron ore, 270, 271 
ore-reserves, 196 
Luxembourg, minette, 193 
ore-reserves, 197 

Lyngrot, apatite-iron ore, 261, 276 

Magnitnaia Gora, contact-deposits, 366 
composition of ote, 367 
geological ma^, Jyi7, 368 
Maidanpek, contact-deposit, 369 
Makri, chromite, 248 
Malaga, nickel ores, 191 
niccolite and chromite, 299 
Malay Peninsula, tin, 437 
Banka, Billiton, 437 
Batu Gaiah, 441 
Bruseh, Meru, 440, 441 
Changkat Parit, 441 
general map, 438, 439 
Gopeng, 442 
Intan, 440 
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Malay Peninsula — continued 
Jolapang, 441 
Negri Senibilan, 443 
Pahang, 443 
Perak, 443 
production, 443 
Selangor, 443 
Sungoi Kaia, 437 
Mansfeld, copper content, 201 
copper-silver relation, 103 
ore-reserves, 198 
Marao Angueira, tin, 430 
Maremma Grossotana, quicksilver, 474 
Marionberg, tin, 425 
Marv3,o, apatite, 451 

Massa Maiittiina, contact - inctamorphic 
deposits, 370 

Meinkjar mine, genesis, 280, 292 
plan and section, 292 
pyrrhotito in gabbro, 292 
Melbourne, gold, 346 
Meldalcn, pyrito deposit, 304 
section of Lokken mine, 311 
Mcraker, pyrito deposit, 304 
section in Storhusniand mine, 307 
Mcrtainen, apatite-iron ore, 270, 273 
genesis, 276 
surface area, 274 
Meru, tin, 441 
Mexico, quicksilver, 469 
Guadalcazar, 469 
Guadalupana, 469 
Huitzuco, 469 
Palomas, 470 
production, 470 
silver, 202, 218 
Miask, quicksilver, 485 
Middle Sweden, iron ore deposits, 379 
analyses of ore, 381 
classification of ore, 382 
Miores, quicksilver, 478 
Misvartal, nickel -pyrrhotite, 294 
Mitterberg, copi:)er ore, 72 
Modum, cobalt, 206 
nickel-cobalt relation, 162 
Molde, ilmenite, 257 # 

Monte Araiata, quicksiWe^ 471 
Abbadia San Salvatore, 471 
Capalbio, 474 
Castellaccio di Capita, 474 
Comacchino, 471 

^Cortivecchie, 472 • 

Maremrrta Grossetana, 474 
Montebuono, 472 ^ 

Mont^Vitozzo, 472 
^swnprughano, 472 
’ Sail Mautino, 474 
Selva, 472 
Selvena,*474 


< 

• 

Monte Amiata — continued 
Siele, 472 
Solforate, 472 
stibnite, 474 
Montebras, tin, 430 ^ 
amblygonite, 430, 461 
Monte Catini, bornite, 92 
sulphide iJopper ores, 300 
Monte Fumacchio, tin, 410 
Monterey, tin, 430 
Montesinhos, tin, 430 
Monte Valerio, tin, 410 
Monte Vitozzo, quicksilver, 472 
Moonta, copper content, 201 
copper ores, 200 

Moschellandsberg, quicksilver, 483 
Moss, copper deposits, 189 
Mount Bischoff, tin, 444 
oxidation ores, 217 
production, 446 

White Face, Slaughter Yard Face, Brown 
Face, 445 

Mount Dcre, chromite, 249 
Mount Dun, chromite, 244 
Mues, coppgr ore, 45 • 

Mug mine, Norway, magmStTu brecciated 
structurt, 1 • 
section, 306 ^ • 

Murcia, apatite, 462 
Murray mine, magnetite, 283 
section, 292 

Nagyag, gold lodes, 37 
silver-manganese relation, 168 
tclluride ores, 219 

Nagybanya, gold-silver relation, 166 
Negri Sembilan, tin, 443 
Ncrtschinsk, quicksilver, 485 
Neu-Moldava, iron ore, 367 
Ncustadt, Bavaria, quicksilver, 483 
Now Almaden, quicksilver, 466 
ore-reserves, 204 

New Caledonia, chromite, 249 ' 

cobalt, 206 
gamiorite veins, 191 
nickel, 205 

nickel-cobalt relation, 162 • 

Now Guinea, copper, 346 
New Idria, quicksilver, 467 
New Jersey, manganese, 394 
New South Wales, tin, 446 
New Zealand, chromite, 244 
cinnabar, 487 
nickel-iron, 340 

Nieder-Sohland, banded structure, 112 
Nikitovka, cinnabar, 84, 485 
production, 486 
Nischne Tagilsk, iron ore, 360 
platinum, 344 



» ' 


I 

.GEOGRAPHICAL INDEX 511 


I 

Nissedal, ajfStite, 452 * 

genesis, 276 

Nonaas, 'ttickM-pyrrhotite, 294 
Norberg, iron -manganese relation, 100 
genesis, 276 
iron ore, 392 
surface area, 393 

Nordmarks mine, Werinland,, geological 
map. 51 

surface area, 393 
Norrbotten, apatite-iron ore, 270 
geological map, 268 
North Carolina, corundum, 249 
Norway, a^mtito, 452 
apatite -iron ore, 260 
chromite 247 

genesis of nickel-pyrrhotitc deposits, 286 
•ilmenite, 256 
molybdenum ore, 450 
nickel-pyrrhotite, 281, 294-297 
ore for magnetic separation, 254 
pcntlandite, 282 
pyrito deposits, 304 
Nysten mine, pyrrhotile, 294, 206 

Oat HiTl, qii'icksilver, 465 * 

Oberharz, iron deposits, W, 2^ 
ore lodes, 2 , 39 

springs as indicafions of oro-deposiis, 223 
Oberhof, breeciated structure, 118 
Ocaruzawa, llikuchu, native copper, 91 
Oceola mine, Michigan, crusted structure, 
- 114 

Oedegaarden, apatite, 453 
Offenbanya, contact-deposit, 359 
Olokiep, bornito, 300 
Olymp, chromite, 248 
Oravicza, iron ore, 359 
Orense, tin, 430 
Orijarvi, copper content, 201 
Orsova, chromite, 249 
Oruro, cementation zone, 219 
•Ottawa, apatite, 455 

Pahang, tin, 440 
Palostro, cinnabar, 487 
Palomas, '^uicksi .er, 470 
Panasquiera, wolframite, 448 
Parada, tin, 430 
Pasco, cementation zone, 215 
Peine, iron ore, 18 
Penuta, tin, 430 
Perak, tin, 444 

Perm, copper ore reserves, 200 
Persberg, iron ore, 19, 385 
genesis, 276, 390 
geological map, 385 
ore -reserves, 197, 392 
production, 392 


Peru, quicksilver, 470 
Cerro de Pasco, 470 
('honta, 470 
Hiiancavelica, 470 
silver, 202, 218 
Yauli, 470 

Pliilippeville, cinnabar, 487 
Pierrelitte, gailiuni-zinc relation, 163 
Pitkaianta, assumed course of mineraliza- 
tion, 407 

eon! act iron ores, 180 
geological map, 406 
production, 407 
tin, 405 

Platten, tin, 425 
Pontevedra, tin, 430 
Portalegre, apatite, 451 
Portugal, pyrite and copper production, 327 
quicksilver, 479 
tin, 430 

wolframite, 448 
Potosi, cementation zone, 215 
silver, 202 
tin lodes, 184 
Potrillas, tin, 447 
Potzberg, quicksilver, 483 
Pyrenees, secondary depth-zones, 213 

Queensland, gold, 346 
tin, 446 

wolframite, 448 

Raivberget, chromite, 245 
Rammelsberg, brown ore, 121 
copper-silver relation, 163 
depth-zones, 213 
grey ore, 122 
section, 194 
selenium, 166 

Redington, quicksilver, 465 
Redjang Lebong, quartz, chalcedony, 105 
Regaardshei, apatite, 453 
Reichonstein, Silesia, contact-deposits, 404 
metal, 404 
production, 405 

Rcisen, section of ]\|oskcdal mine, 309 
Reinez, contact-dia^ponte, 359 
Rezbanya, contact-deposit, 359 
Rhine slate country, depth -zones, 210 
Richmond River, gold, 346 
Riochelsdorf, cobalt, 206 
nickckcobalt relation, 162 , 

Ritfelhorn, nickel-iron, 341 ^ 

Ringcriko, eruptive fahlband, ^85 
Rio, iron die, 370 ^ 

Rio Albano, iron ore, 370 • 

Rio Tinto, analyses of ore, 323 ^ 
cementation zone, 321 
chalcopyrite, cementation zoife, 91 
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Rio Tinto — continued 
comraiinication, 316 
copper content, 201, 324 
copper production, 327 
copper-silver relation, 163 
geological map of Huelva district, 317 
geological position, 318 
iron-manganese relation, 160 
ore-reservos, 199, 200 
oxidation zone, 320 
primary depth-zones, 211, 322 
pyrite and copper production, 326 
pyrite, oxidation, 215 
secondary depth-zones, 10, 213 
section, of Domingo deposit, 322 
selenium, 166 

silver-, arsenic-, and copper content, 322, 
323 


silver-gold relation, 165 
simple filling, 108 
surface area, 320 
Risor, apatite, 453 

Rocky Mountains, silver deposits, 218 
Rodsand, composition of ore, 254 
ilraonite, 257 

Rodtjern mine, chromite, 248 
RomUo, tin, 430 
Romsaas, plan and section, 294 
pyrrhotite in gabbro, 286, 294 
Roros, pyrite deposit, 304 
copper content, 201 
copper-silver relation, 163 
genesis, 280, 304 
iron -manganese relation, 160 
ore -reserves, 198 

section of Quintus - Hestekletten ipino, 
309 


silver-gold relation, 165 

specimen from Kongens mine, 307, 310 

surface area, 308 

Roseland, Virginia, rutile in granite, 277 
Rostvangen, pyrite deposit, 304 
Routivare, iron ore, 258 
genesis of, 173 
surface area, 256 
titanomagnetite-spinojlite, 253 
Rowno, metallic iron, 34^2 • 

Ruda, VinjS,ker, nickcl-pyrrhotito, 298 
Russia, quicksilver, 485 
Beresowsk, 485 
Bogoslowsk, 485 
^airrilovka, 485 
Bdekan^ 485 
Kamtscha,tka, 485 


Miask0485 
i^ptschirflsk, 485 
Odkitovlia, 485 
, ore-reserves, 200 
production, 485 


f 

Sain Bel, pyrite deposit, 327 
composition of pyrite, 330 
geological map, 329 
production, 330 
Samprugnano, quicksilver, 472 
Sandford Lake, ilmenito, 259 
San Domingo, copper content, 324 
copper production, 327 
section, 322 
surface area, 320 
San Francisco, quicksilveif 476 
San Martino, quicksilver, 474 
San Nicolas, quicksilver, 476 
San Pedro y San Diego, quicksilver, 
476 

Saxony, tin, 204, 425 
Altenberg, 425, 428 

Dippoldiswaldo, 425 ‘ 

Ehrenfriedersdorf, 425 

Eibenstock, 425 

geological map, 426 

Geyer, 425 

Greifenstein, 425 

Glushiitte, 425 

Johanngc^rgenstadt, 425 

Marienberg, 425 

Flatten, 4«; 

Schlackenwald, 425 
vSeiffen, 425 

Zinnwald, 425 . 

Schauinsland, Black Forest, brocciatod 
structure, 117 

Schemnitz, gold lodes, 182, 187 
Schlackenwald, tin, 425 
Schmalgraf, Aachen, concentric crusted 
structure, 115 
schalenblende, 88 
Schmollnitz, pyrite deposit, 333 
analyses of ore, 335 
genesis, 335 
section, 334 
Schneeberg, nickel, 205 
nickel-cobalt lelation, 162 
silvor-bismuth-cobalt relation, 169 
Schwarzenberg, iron ore contact-deposits, 
34, 180 

Schwaz, quicksil ver-tetrahedrite, tl57 
Schweina, cobalt, 25, 27, 206 
nickel-cobalt relation, 162 
Schwelra, secondary drusy structure, 122 
Seiffen, tin, 425 
Selangor, tin, 443 
Selva, quicksilver, 472 
Selvona, quicksilver, 474 
Senjen, niokel-pjorhotito, 294 
Servia, chromite, 249 
Siebenbiirgen, pyritio contact-deposit, 36 
Siegerland, nickel-cobalt relation, 162 
primary depth-zones, 211, 212 



513 


GEOGRAPHICAL INAex 


Siegerland*-con<tnit€d 
secondary coarse intergrowth, 110 
socon»dary«depth- zones, 213 
Siele, quicksilver, 472 
Sierra Nevada, silv^ deposits, 219 
l^lberborg, chromite, 249 
Skj8,keTdalen, nickel-pyrrhotite, 294 
Skottgrufve, iron ore productiqp, 392 
surface area, 393 
Skreia, contact iron ore, 366 
Skyros, chromite, 249 
Smorten apatite -iron ore, 266, 267 
Snarum, apatite, 452 
Soggendal, iron ore, 1 
Sohland, nickel-pyrrhotite, 281, 299 
genesis, 286 
peutlandito, 282 

Siolberg, apatite-iron ore, 261, 266, 276 
zircon enrichment, 261, 276 
Solf orate, quicksilver, 472 
Solnor, analyses of ore, 254 
titanomagnotite-spmellitc, 253 
Sondhordland, pyrite deposit, 304 
Spain, pyrite and copper production, 326 
tin,^430 

Springs, O^lg^ur River, auriilrous copper 
ores, 403 ✓ ^ 

Stahlberg^ Cault illustratin^f lateral dis- 
placement, 7* 

Stallbei^g, iron ore, 383 
geological map, 385 
surface area, 393 

Steamboat Springs, quicksilver, 464, 467 
Steiermark, chromite, 249 
Sterling Hill, zinc-manganese deposits, 394 
St. Andreasbcrg, depth-zones, 210 
old lead-silver-zino lodes, 187 
silver-lead relation, 164 
silver lodes, 164 

St. Blasien, nickel-pyrrhotite, 286, 298 
genesis, 298 

St. Olaf lode, lode deflection, 49 
( St. Stephan, nickel-pyrrhotite, 293 
‘Storgang,’ ilmenite, 266 
surface area, 266 
Straits Settlements, tin, 206 
See M^y Pe’^onsula 
Striberg,' TorrMen, 276, 382 
genesis, 276 

iron -manganese relation, 160 
iron ore production, 392 
ore-reserves, 197, 392 
surface area, 393 
Stripa, iron ore production, 392 
surface area, 393 
Strossa, iron ore production, 392 
surface area, 393 

Sudbury nickel-pyrrhotite deposits, 289 
diagrammatic section, 291 


Sudbury — continued 
genesis, 280, 286 
geological map, 290 
primary depth-zones, 211 
Sulitjelma, pyrite deposit, 304 
copper content, 201 
copper-silver relation, 163 
section, 310 

silver-gold relation, 165 
surface area, 308 
Sulphur Bank, quicksilver, 464 
Sungei Raia, tin, 437 
Svappavaara, apatite-iron ore, 270 
genesis, 171 
ore-reserves, 197 
surface area, 274 
Svartvik, iron ore, 386 
surface area, 393 
Swaziland, cassitentc, 448 
Sweden, apatite-iron ore, 270 
ilmenite, 257 
iron ore production, 392 
nickel-pyrrhotite, 285, 297 
pig-iron production, 392 
pyrite deposit, 314 

Sydvaranger, axiatite-iron ore, 264, 265, 266 
geological map, 263 
Szaska, iron ore, 357 

Taberg, iron ore, 1, 267 
surface area, 266 

Taberg, Wermland, surface area, 393 
Taghit, cinnabar, 487 
Tagora, quicksilver, 487 
Tarnowitz, sulphide lead-zinc deposits, 183 
Tasmania, tin, 444 
Telemarkcn, greisen formation, 176 
Terlingua, quicksilver, 469 
Torranera, iron ore, 370 
Tesealtiche, tin, 447 
Tharsis, copper production, 327 
Thessaly, chromite, 248 
Tiebaghi, chromite, 249 
Tilkerodo, allopalladium, 342 
selenium, 166 

Toon Yen, quieksiyer, 486 
Transvaal, cassderjte, 448 
Traversella, iron ore, 373 
Trondhjem, pyrite deposit, 304 
Tschiaturi, manganese ore reserves, 198 
Tiiollavaara, aimtite-iron ore, 270 
iron Ore, 392 
Turkey, chromite, 249 

i 

Uifak, nickeliferous iron, 341 
United States, cassiterito, 447 ^ 
chromite, 249 
gold, 202 
iron ore, 373 
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United States — continued 
quicksilver production, 408 
Unterried, pyi'ite, 340 
Uralfi, the, cementation zone, 215 
chromite, 249 
copper, 200 

contact-deposits, 176, 180, 300 
geological maps, 301, 36^, 304 
oxidation orcs^ 210 
platinum, 342, 344 
platinum production, 346 
secondary depth-zones, 214 

Vallalta Sagron, quicksilver, 474 
Valle Seixo, tin, 430 
Varaldso mine, section, 305 
Varallo, nickel-pyrrhotito, 281, 298 
genesis, 286 
Varnas, chromite, 246 
Vasko, iron ore, 357 
Vaulry, tin, 430 
Vegetable Creek, tin, 446 
Velbert, ore lodes, 88 
Verin, tin, 430 
Veta Grande, silver, 202 
Vigsnas, pyrito deposit, 304 
Villa-de-Fradcs, iron ore, 373 


ViAeder, La, tin, 430 

Wallaroo, copper ores, 200 • * 

Wan Shan Chang, quicksilver, 486 
Weimar, Cassol, metalli^ iron, 342 
Western Australia, telluride ores, 219 
Westphalia, classification of springs, 137 
clay irons^pno concretions, 45 
WitwatCrsrand, cementation gold, 220 
gold, 203 

pyritic band, 3 ^ 

Wyssokaia-Gora, iron ore, 360 
genesis, 277 

Yauli, quicksilver, 470 
Yttcrd, pyrite deposit, 304 

Zacatecas, cementation zone, 216 
Zarza, apatite, 451 
Zarzala Major, apatite, 451 
Ziegenhals, ore fragments, 223 
Zitmwald, coarse intergrowth, 110 
tin gravels, 4 
wolframite, 448 

Zips, quicksilver-tetrahedrite, 457 
Zorge, sclcniifm, 166 • 

Zu Inland, copj^^r (kposit, 340 
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